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(iKTQEHAT. Phestoent: Dh. D. M. Bosk, M.A.,Ph.D. r.N.T. 
Presidentictl Address 
THE LIVING AND THE NON-LIVING 

As the sii])icct for iny aflclrvss for lo-clay I hn\*^ sclet-ltMl \hv. tille ^'Tho 
living tlio non-living’'. Fift v years iti !1)0:2 Af Jiaiva Ja^^^•ulisli 

( lianrlra- Bose piil'lishefl a inonr)in*a]>li on ‘"Hc*spt)i).vc*s in tlu' Li\'in<^ and 
in llie NTorj-livinu’’ Tlio book, laM aiise of tlu' panth(‘isi ic* imlnie of the 
(a^n(] nsif>ns ari‘ivefl a1 ai*oust‘fI eoiisi(l(‘rabl<‘ inter<‘r-v1 anajnixsl- ki lai*^e 
seeiion of our edm'ab'd })iil>lic. Pakiiii^ as the; erit.<‘rion <if livini^nf'ss. 
(‘l<'e,trie rc\s])ons(' to stimulation, AeLairya daaadisli (liandra sIiow^mI iluil 
under analofre^His (Conditions similar cdtH'tric* i*es|)onsos ('<yidd be obtaiiKHl 
by stimulation, botli from li\in,Lr an<l non-li\in^ sniaimens. Tlie startin*:' 
point of these* investi<^a1 ions ^vas Bo.^(*'s (‘xperinaaits vitb eJ(*(*trie 
wa\’es. The deto(*tor of el(*etrie ua\t\s in his aj>paratus w as i ailed 
(ohorei*, Avliosr^ rc'sistanee was rf'vea-sibly ri'dneid undei the itn]>a(*t of 
(deelrie radiation, find it eould be deteettal bv a (letle'etion of th(> jjcalvaruj- 
t7a‘ter r(Mna*(*1ed with the (ajh(crer. K\(cn in ISP() Be)S(* was a bio])hysieist 
-he (*alled ttu' coherer the eleetii** eye, the eonnea-t inii; wir<* the o[)tie nerve 
and tile cj;al van()»n(‘t <‘T’ (lie tirain. This biolocrieal analoiTN' siT*n<*k him 
wdien hti found .tliat lifs c‘o})('r(‘r snffeT*(*d from iali^ue and r(Mo\ered when 
G^iven siiflieient i(*sl. fie de\is(*d many otlar naaic'ls of tlit* eAa\ of whieli 
th(^ tollowimr om; appr‘oxirnated ]>est to an actual eycy a, lioilowed silver 
eup whose inner sidt^ was exposed to Iiroinine vaiyiour an<l tilUnl with rlis- 
tillod Avator. ^Jdiis model ey<3 also prodiuasl on illumination a pd\'anon)c;ter 
(lefleelion T\v<3 (‘onelusic^ns were dra\Mi by him from these experiments 
(i) that no demarcation line could be drawn which separated the physio¬ 
logical from the physical process the physiological is an expression of 
the physico-chemical and (ii) responsive processes in life were preshadowed 
in non-life and there was no abrupt break but a continuity of law.^“’'” 'J'his 
was the tirst attempt ev’cr made to subsume under common physiolo/^n- 
cal laws, response to stimulation in li\dn^ and non Ha in^ systems. .1 Avill 
not speak here of his later invt'sf igations on the unity of life* pro(*ess(*8 in 
plants and animals,'^^*^ Avhich 1 luwe disemssed in a rece nt monoirraph^^'k 

Fifty 3 xx‘xrs ela]>scd before a frexsh synthesis was attcuuptc'd, to des- 
c,*ribe the principles <.>f eommunicatkm ancf control in li\di)Lr nncl iioii-li\u’n<^ 
organisms under common physiolc^gical laws. During tla^ end of this 
period, coinciding witli the last war, many complicated machines, using 
electi'on tube switching and amplifv’ing devices, Avcrc^ c*<^)nstructccl wliieh 
eould pejform intricate tasks on receipt of instrueticnis and inesvsagos from 
outiscie e.g., (i) computing machines to solve numerically intricate differ¬ 
ential equations which had been supplied as data (ii) detec;tion of enemy 
airplane by means of radar and the training of guns on the planes. As a 
side result of the invention of many echo ranging devices n.secl for war jmr- 
poses, it was discovered that many animals had boon using such signalling 
devices. The time therefore seemed ripe fo formulate a new discipline 
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wJiich clcscribtHl uinh'r cioiiiintin pliysiologioal laws, coinmuiiicatioii and 
control in animals and machines, for vliic-h the name Cybernetics was 
coined*^^’. 

Oiir knowledge of tlie evolntitai both in the organic arul in the inorganic 
worlds and the int(‘r relatif)n between the two lias fidvanccd *'onsidcrably 
during the last fifty years. The i-elation between the living and the non¬ 
living lias been made the subject of many imjiortant studies by competent 
investigators in many braiu'htjs of scienct*. 1. have thought it worthwhile 
to present a review' of sonu*. aspects of this subject which has interested 
me for some t ime 

The only form of life known to us is w'hat has appeared on this earth. 
We do not know whether life has appeared in other parts of the Univei-se, 
under coinlitions similar to or diflerent from those pi‘evailing on this earth. 
The fitness of the environment for the a|)peai-ance of life here <lepcndeiHl 
partly on the chemical properties of the ehnnents. which in various com¬ 
binations contribute the material structure of the living organism, and 
]i{i,rt.ly on the physical conditions which fav'oured the formation of com- 
j>lex molecules out of which the life process began. This possibility along 
with many others were implicit; at the jieriod when the present phase of 
evolution t»f the universe eommen<*ed, eoineiding w'ith the creation of cherai- 
eal elements in their relative ahundan(;e out of lighter atoms, possihl 3 ' 
hydrogen. The history of evolution of living organisms therefore dates 
back right to the beginnings of the iinivei-se, and c;an be for our purpose 
roughly ilivideil into throe periods; the first one from the origin of the 
universe to the foi-matioii of the worltls, in particular of the earth, w'ith 
its profusion of chemical species. The second period is eoneerned with 
the transition from the non-living to the living. The thircl period is con¬ 
cerned Avdth the evolution of living organisms and stret(;hes upto the present 
time. I shall rleal ju'ineipally with the charac;teristics of living organisms 
as autonomous energy systems, maintaining t;hemsclves by mesrns of a 
continuous interchange of matter and energy with the environment. 
After 7 >rcsonting some related obscrvaticmal data, I sliall discuss how far 
the activities of the living organism is interpretablc interms of known 
laws f)f physics and chemistry viz., as an autonomous energy system. In 
the opinion of many competent biologists, it becomes necess/rry at some 
phase in the development of the organism to take into consideration new' 
factors, one af w'hioh became emergent wlien the transition from the non¬ 
living to the living took place, and the other with the emergence of the 
mind as a facjtor in partly controlling the activities of the organism; along 
with it there arises the further question whether the process by which 
the organism gets adapted to changes in its environment is explicable as 
due only to natural selection operating on the results of <-hanco variations 
in the hereditary mechanism of the organisms, or whether additional direc¬ 
tive factors operate. 

Cosmology .—If we look to the evolution of cosmological theories, wo 
notice the appearance in succession of two alternative theories of finite 
and infinite universe. From the time of Ptolemy to the medieval ages, 
the universe was taken to be finite in dimension and accoriiing to Christian 
theology of finite duration. Since the time of Newton, the world was 
conceived as infinite both in space and in time. 

Recently a great deal of evidence has accumulated which tend to 
show' that the universe had a beginning in time, which is approximately 
taken to bo about five billion (5 x 10*) years, and that it has finite though 
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rajjifUy expanding dimensions. Further the eomponent parts including 
the earth and its heavy radioactive clein<>nts likt^ uranium, were formed 
at about the same time. This epocli of <TCation of matter can be calculated 
from radioctivo data, and agrees in order of magnitude with other estimates 
of the age of the universe. The conclusion that the univei-so is expanding 
is drawn from .sx)ectroscopic evidence, which shows that the t'onstituent 
galaxies of the universe have velocities of recession \vhich increases with 
their distances. The boundary of sucJi a iinivcrse lies in the region where 
the receeding galaxies have attained tJie velocity of light, and from whore 
therefore no light signals can reach us. 

Tu such a universe the average density of matter will tliminish with 
time. All temperature differences will disappear, the entro]>y will reach 
a maximum and the universe will attain the state of heat death. 

Tu a recent alternate interpretation of an expanding universe, which 
is not running down, is associated with the nam<‘s of dortlan, Bomii, anti 
Gold. It is assumed that the universe is not finite, but infinite in extent 
and had exisied from an infinite past and will continue indefinitely. Due 
to recessional velocities, some t)f the galaxies go out of tht* boundary of 
our observable universe. But at the same time continuous creation of 
matter, as hydrogen, is taking place from which new galaxies are being 
formed, so that the largo scale appearaTioe of the univ^ersfi does not change 
with time—it is in a stationary state. The running down of the univer.se, 
because of the increase of it its entropy to a maximum is thus avoidetl. 
Although entropy increases in localised regions, the galaxies which pas.s 
out beyond the observational horizon carry entropy out of tlio observable 
universe. Consccpiontly the entropy does not increase with time—tlie 
mean dtmsity of matter in the universe also remains constant h)r all time. 
The theory assumes, in \’iolation of conservation of matter and energy 
principle of physics, a continuous creation of matter, which amounts ou 
<ialculation to the creation of one hydrogen atom per cubic yard every 
300,000 years.Evasion of the oonsorvatioii of energy principle in any 
finite portion of the universe is much too small to be detected. If fhis 
theory is found to be a better interpretation of the observable universe, 
it may also throw some light on the problem of interaction betwetui mind 
and body, whether there is any transfer of energy inv'olved in tiio inter¬ 
action. How the truth or otherwise of the alternative cosmological theoi-ies 
can bo verified from the continued existence of living orgiMiisni on this 
earth for over half a billion years, has been discussed in Sir Edmund Whit¬ 
taker’s recent rather controversial Eddington Memorial Eecture.'*^^^ 

Leaving aside such speculations, we shall take as a working model 
of the evolution of the universe that proposetl by Weizsaciker*^^' which has 
the usual attributes of a model that it correlates a large number of obser¬ 
vations, at the same time it raises certain theoretical objections which 
are left unanswered. The basic assumptions of this model arc (i) the laws 
of physics have remaine<i unaltered since the beginning of the present 
phase of the expanding universe (ii) the universe is a closed system across 
whose boundary no flow of energy an<l matter can take place. According 
to the second law of thermodynamics it follows, that the changes taking 
place in this closed systom will be of an irreversible character, accompanied 
by increase of entropy. The latter is accompanied by equalisation of all 
differences of temperature as well as of all electrical and chemical, and other 
potentials. The universe will ultimately reach a state of heat death where 
while the total energy remains unaltered, it is in a unavialable form. Boltz- 
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■matin first ideniifu'fi the eiiti'opy of a sj’'stem as a functuiti of its statistical 
probahilitv'. so that vvitlt im-rciso of entropy a system will pass from a 
less to a more probaf)li‘ st^Uc. J will illnstrate with some examples : 
(i) if one of two vessels is filled with a other is empty, thon 

on eonneetimx the two. /j;as will bo eome ('tpially distributefl in the two 
v'c.ssels which is a. more probable distribnti«)n of the jjasmoleenles ami has 
also tin* l.iiyer entropy (ii) a vacuum space enclosed v it-hin perfectly rofIeetin<r 
w'alls and filled ivith monochromatic ratliation, will rejjresent a. state of 
labile equililn’inm. Jf now a ]>arti<'1e of maltc^r i.s introduced, wliich can 
absorb radiatiotis of all frequ(-*ncies. it will lead to an interchange of energy 
between mattc'r and radiation, nnlil the radiation assumes what is known 
as lilaek body ebara<-ter, \vher(‘. tbe s|)eetral distribution of energy is a 
function of ti'mjKratuiv only. The tern])orature is giv<m by that (jf the 
piece of absorbing material [)arlicle. This repi’escmts a state of maximum 
entropy, for a given distrihntiiin of cnergv between matlor ami radiation, 
(iii) if a saturated solution of sugar is taken, in temperature ecpiilibriuin 
with its snrroitndings and a minute sugar crystal is dro])j)ed into it—sugar 
will start erv'stallizi ug out of t h(' solution, d’aken by itself tbe seytaration 
of the solution in a crvstalline solid and a litpiid fthasc roprestmts a state 
of greater dilhat^nt iation and therefore of lower ]>robability. At the sattie 
time heat, has e\olv4‘d dutiug crystallization. This has led l.o a transfer- 
ancp. of heat from the solution to tlie surrounding medium, resulting in an 
intTcase of t^)tal ent.ropy of the system. Inohiding the solution with its 
eTi<do.sui’e. 

The hypotlte.sis of t he uiiiv^erse as formulated by Weizsaekor i.s as 
follows: >So?ne billiojis of years .ago, all mattta* containe<l in the portion 
of the wtvld W(' know was eom])rossed in .a narrow spa,cc. At that time 
the hea\'v nuclei cmnc’ into being out of light nuclei, pos,sibly out of hydro¬ 
gen. Th<Mi matter Hew apart and acattcaed through s]>a<'.»‘ in tlie form of 
more and moi’ii <lill’nsf'd g is. '^I'he fasti'st of the exploded particles will 
oc-cufiy the outertn<'st portion of this ('vpaufling mass of gas. 

Wtiizsacker has shown how from this ilitTusi' expanding gas system 
forming the tairlicst stage of the nni\i‘r.se, whore most of the energy is 
concentrated na the kinetic energy of the materials yiartieles, tnrlmlent 
motion will ari.sin In such an intinite distribut ion of gas of uniform density 
the rc.snltant grai it.itional attiai-tion on any particle is zei’O. ('’ham'.e 
coneent ratioti of matter m-enring in anj?^ region will attract additional 
matter there, and an individual body comes into exi.stence. resulting 
in tlie eonver.siod of the gravitational yiotential energy r»f the condensing 
matter into radiation. Once formcrl the condensed units will not dis¬ 
sipate aAvay again into a gaseous system, as energy will be rcipiired. Such 
partial systems formed in a eloiul in turbulent motion will as a rule rotate 
from the beginning. Oelestial lioflies ob.served by means of powerful 
tok'seopos liave )>eon found to belong to tbe e]ci.sse.s of e]oud.s, rotatory 
forms and .■spheres, 'riioy represent, the flifferent stages in the evolution 
from the iuitiaUy diffn.se expanding mass of gas. The rotating eele.stial 
bodies are varied in ilegreo of organisation from spiral nebulae to bodies 
like the globular sun with its planetary system; most of them have a well 
defined plane and veritieal to it an axis of rotation. They show' an in¬ 
creasing firrler of organization anrl as .such they reprc.sent a transition from 
a greater to a lower <legree of probability. As I have said before, in dis¬ 
cussing the ery.stallization of sugar out of a saturated solution, such an 
increase in organization can occur, without violation of the 2nd law of 
thermodynamics, in a part of an isolated system, if it is accompanied by 
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the conversion of some kind of potential onerp:v% eheniieal, or gravitational, 
into heat ratliation, tJiereby increasing the totnl entropy of the isolated 
system. We find in Nature tiiat there is always traiisitions from poor 
tnidifl'erentiatcd distribution of matter, rii'h in energy, Uinetie, as well a.s 
potential, which create new forms always aeeom|>iinit-d by a fina.I trans¬ 
formation of the entirgy released in the j)roeess, to l< »\v teuipra at ure thermal 
rathation. We .shall find wlieii we turn to onr earth, that, new .speeie.s of 
eliemical moleeuIe.s, crystals minerals, etc., w\re formed reiv'asing chemical 
potential energy into lic.at l■afliation. 

As i‘nlial>itant of tlu^ eart.li we are most intero.sterl in the twigin of the 
.sun witli its {>lanets. This represents the most (lifi'erenliated form in the 
evolution of stars. RoiukI the .sun we have the planel.s moving in orbits 
of A aru)us degree of a ellif)l icity, all ol them move or Jo.s.s eoplanar. and 
rotating iu the same tlireclion. Arraielimf* it. was thought that thrs plaiiC-ts 
were lorrued out of the lotaiiug dine (/I gas. whiclr was rlii'«>Avn out ol ihe 
rotating sun at some, period of its evolution. Ilut tlie eheuiical eomjiosi- 
tion rtf the [>lan<'t he.st kru>AVii to us. tlie (‘urtli, is {Against thi.s view. Accord¬ 
ing to i-e<(*nt views, the earth is .supj)o,sed to luivc grrov ii out of acerof ion 
of du.st ])articl(\s, med'oritie.s jind ])lanctoid.s These l>odte.s were cokl, as 
they were as far from the sun .is the t‘{ir1h is to-diry. The earths iutei-ior 
lr;»s a temper{iturii of seventl thonsands of degrees. '^I'hi' lie.it lA' the t;aith 
eonld feed on two sources of energy; in the beginning on lire kiiietie energy 
of the fiagmi-nts that combined to fc'rnr th(‘ (NU'tli; snice then and until 
to-d:iy on the muleai* energy of the ratlioattiva' (hmieids eoriiairu'd in the 
J'OcJfS. 

'riie Jige of the eartli in taken to be ;ii)ou1 3-'> iiillioit years*-' {Uid the 
;tge of tlie oldest, sedirnerttery rorks 2 liilhon ’scmcs. since when the tem- 
pei’atiue on the eartids suiiaeci luis ttjnaine<l within fairly stable limits. 
During the fir.st period of its history, the r-.iiih v\;!s in {i staniliciuid condi¬ 
tion, conA'ection of matter belAV'ccn the corr* and ll.e surface took place, 
rc.su]ting in the I'ormation of an inner core of Jiigh den.‘-itv , consi.sting most 
likely of iron iiiid nickel, vvitli a lighter order eru.st. 'flic gi-c.at continenls 
{iro ot ligldcj’ sirhstance tfran the fkior of tlic' oecjin. I. ike floes of ice, tlie 
continents tl<»at on heavier materiids underncjith. 

With the gradual cooling of tlui srtrfaee temperatme, et art lens; it ion of 
w'atcr took place forming the ]iydro.s]?here, togetlrer witli jin enveloping 
Jitmosphere of gases and Auipoujs. The .-ibsorption ot sol.ar I'adiatiotr by 
the surface layr-rs of the earth, led to a cireul.ition of nuitter .‘ind energy in 
t.lre form of Avind, rain, and ocean cuiTents, and tliese have jiarlially shajicd 
the earth’s surface to its present appearance. Utilisation of r.olar energy 
became possible vvitli, appearance of green plant.s, ,and of the eiieulation 
of matter and energy, Avhen animals which could fly or sAvim {ipjiearcd. 
The sun and the earth form a coupled system. 

The sun is still a hot ma.ss of gas, con.sistmg mainly of hydrogen, in 
who.se interior extremely high values of tempeiwture and jiressure exist. 

A hypothesis, originally proposed by Weiszackci- jind workefl out in details 
by Bet.he, accounts for the continuous generation of heat in the interior 
of hot stars including the sun, as due to a thermonuclear reaction, in which 
four hydrogen atoms are converted into a helium nucleus; the resulting 
loss of mass is given out as thermal energy. The surface temperature of 
the sun, of the photosphere, is estimated to be about 600()”K. Annually 
about 1.3x10** K calories of solar energy strikes the suiTace of the earth, 
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and except for transformation of only a small fraction into organic matter, 
the rest is re-emitted as heat radiation at temperature of about 287° K.. 
The Avave length of maximum energy in the solar spectrum is at about 
0.48ju while that in tJic emitted radiation it is at 10/c— this gives an idea 
of the degradatioji of radiant energy Avhich has taken place. 

Tkansition from the non-etving to the living. 

When the teiinpcrature had suffi<;iontly cooled complex chemical mole¬ 
cules were i'ormed, water had condensetl on the surface of the earth, and 
coiulitions A\'ere becoming favourable for life. The oldest sedimentary 
rocks are estimated to be 2 billions years old, and earliest fossil records 
of primitive algae and worms are estimated to be oA^'er 1.2 billion years 
old; by tJiis time organisms which these fossils represent had already be¬ 
come highly ctunplex. t2.p.l57) We may therefore roughly estimate the time 
taken Ibr the transition betAvecn the evolution of comj)Iex chemical species 
and the first definite evidence of life to be about half a billion year. Several 
‘‘irnpi’obable” ti'ansitions must have taken place, possibly in succession, 
before even the most elementary forms of living organisms knowji to us 
couhl have evolved. Ttaking a green alga as the simjfiest typo of an auto- 
trophit; organism, AvJuc*h can maintain itself by synthesizing its own food 
requirement froTii inorganic compounds plus solar energy, Ave find that the 
following component parts and functions are essential: 

(i) synthesis of complex molecules like protein, which form the 
essential constituent of cell structures and of the enzymes 

(ii) mechanism for mobilisation of free energy, on which all the activi¬ 
ties of tlie cell depends 

f' 

(iii) origui of photosynthesis 

(iv) origin of genes in the cell nucleus on which tlic self replication of 
the cell depends 

(v) origin of the cell w'hich is the smallest unit of living organism 
known to us. 

It is generally assumed that the fir-st step in the evolution of life was 
taken AA'^hen protein like molecules began to form out of less complex 
constituents. The first organism had severely limited synthetic ability, 
subsisting on a readily aA’ailablo menu of organic materials formed by 
non-vital processes. 

This is known as the helemtroph hypothesis of the origin of life. We 
owe to Oparin the suggestion that the first living organism on this carh 
exhausted the supply of organic materials which Avere essential for the 
origin of first life. Thus spontaneous generation of life could not occur 
again because the requisite materials were no longer available. Horowitz 
extended the idea, assuming that there were present to begin Avith com¬ 
plex organic compounds—presumably formed in the process of chemical 
evolution—and the first organism utilized some of these compounds which 
they Avere unable to synthesize. When the initial supply of these materials 
was exhausted, the original organism perished. But in the meantime there 
had occured mutation, resulting in living forms that could carry out the 
synthesis of the essential complex compounds from simplior ones remain¬ 
ing in the environment. Further mutations provided additional steps 
in the synthesis until finally there were organisms which could synthesize 
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all of the necssary complex compouiwls. I’hc intennediate wiutant forms, 
unable to jjerform the complcjx synthesis, w ere eliminiited by natiu’al selec¬ 
tion, as the intermediate subst-ance were exliau.ste<l from the environment. 

This brilliant hypothesis of Horowitz ])rt>vi<les a iiiodel of Jiow the 
earliest self propogating organisms J’eeding on siinj>lcr iH>mpoiinds fimc- 
tioned. In present day organisms, mitochondria provide the nearest 
analogue to the funelioning of such living units. They are marconitdecules 
containing a large number of enzymes so carranged .s])iitially tJuit the 
substrate of one enzyme has been synthesized by its m'ighbour^'^b 'J'heso 
mitochondria are self duplitating anti mutable but eanm>l exist outside 
the cytoplasm. ISimiJar to it ai’e the viruses which in tin' simplest form 
oc(-ur as erystallizablo iiuc]eo])rotein nu)lecules similar to gtaie molecules. 
They arc fouml taidowcd Avifli the prt>]jerty of .st'lf r*']iJi< ation. lint such 
organi.sms can only thii\c inside living cells anti rej^>rcsent tlegeneraie 
j>arasitic forms, between whom anti the ])rimitive self propagating imits 
therti can be no analogy 

These self thi})licating ntiits can only thairiah itisitle Jiving t;ells. Whe¬ 
ther tlie proto life molecnlt^s were })rt>vided \vith analogous nutrient medium 
is dtuddful. Ill any case many hurdles hatl to be crtisst'd, of nature not 
known to us, before the cvolutitai of the ^irestmt unit. t>f life, the cell be- 
eame possible. With these reniaiks I shall leave the topic ol’ transition 
from the noii-li\ ing tt) the living. 

fhlARACTBItl.STIO.S OF LlVJtvO OliOAIs'ISMS 

^4.v tlicrnwilytMuiic si/stnn —The t;voliition of the inorganic universe 
can be consitlered as a historit-al pi-ocess in time, in which at evtay stage the 
past ctmditioned the prese.nt. Its iireversible nat/ure iblk)w.s frt>m the 
seeontl law of t heriiiotlynamics; all changes taking place aic from states 
of Jess to more probable distribution of matter jiiid energy, accompanietl by 
increase of entrojjy. On the earth similar iiierc‘as<^ in order has taken 
place, accompanie<l by c^'o^ution of chemical species, minerals and rocks, 
in which potentialities have been traiisfuitncd i>o forms. W^itl» the origin 
of life on this earth, eliemical evolution h^^.s been supplemented by organit; 
evolution. But the same process of diifoj‘entiati«)n and cireation of nc*\v 
forms continues. The therntodynamic cliaraeteristics of the living organism 
are similar to those of the n<ni-living. Thei’C is a oii‘culution of m.atter 
and energy through sucli organisms; the source of energy is ultimately 
the radiation from the sun witli which the organism is thus coupled. Un¬ 
like non-living terrestial bodies, in wliich solar energy is lirst ti'ansformed 
into heat energy, working between different temporafm-os, the living orga¬ 
nism absorbs energy under almost isothermal comlitions, the energy is 
received as free energy. The unit of living organism, the cell is a highly 
differentiated entity, enclosed by a semipcrmeable cell wall, and divided 
into a nucleus and a cytoplasm. The latter contains inclusions like plastids, 
mitochondria etc., each ■wdth an envelope of semi i)ermet»ble walls. If 
the supply of free energy as nutrient is stopped, only tissue breaktiown 
processes will continue, resulting in the death of the cell with break down 
of structure, semi permeability of the enclosing membranes, and increase 
of entropy. The inflow of free energy thus maintains the state of differ¬ 
entiation in the cell. In this sense living organisms feed on negative 
entropy, but in no case is there a violation of the laws of thermodynamics. 
Whether the maintenance of organisation in the living cell involves besides 

4 
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kii<3wn phy.sical and cJiemical forces, some additional directive principle 
I shall discuss later. 

The living organism is thus an aiif-onomous energy system, which 
takes in energy of a suitable kind for the maintenance of its aotivitiesf 
for growth and roprofluotion. d''lie siij)ply of all this energy is based upon 
oxidial i<»Ji of carboliyrl rates molecules, either synthesizetl by the organism 
or sii[>pliofl to it tVfun outside. Organisms which manufacture their food 
ref{uiromonts from inorg.uiit' materials are called autotrophic. I shall for 
the present cmisider only autoti’ophic unicelltdar t)rganisms. The mecha¬ 
nism of carbohydratt! .syuthesis de}>ends xipon the reduction of COo mole¬ 
cules and can l)e represented symboli<!ally as COa-i-2l-laA —> ICHgO]-) 
HgO f-2A; here Kg A is the hydrogtm donf)r and COg the acceptor. The 
[)roce.ss being cndoju’gic requires the supply of free energy. 

Tw(.> different tvj)es CO.^ reduction have been oKserved in autotrophic 
micro organiwsms: 

(i) })hoto.synthesis, in which the hytlrogen <lonor is water and the 
source of emu-gy i.s light' absorbed by chlorophyll molccides present in 
chloroplasts. 

(ii) cheinosynt he.sis which is found in certain typos of bacteria, whore 
the hydrog<'U tlonor is SK.^ and the energy is supplied by the reduction 
of SlJg to sulphur. 

There are ot her baclta*ia, wdiieh carry out the reduction of COg by a 
v’ariety of inorgani<? reac tions, including the oxklation by Og of nitrites, suJ- 
pluVles,' sul|)hur, and hydrogen. These examples of cherno.synthesis are 
of great interest in elucidating the general mechanism of hydrogenation 
of COg. However by far the most important of these processes is photo¬ 
synthesis. 

All the other types of heterotrophic organisms are dej^endent ultimately 
on green chlorophyll containing plants for the supply of energy rich 
ca rbf)hy t Irates. 

The first sugai- produced duruig photosynthe.sis is hexose (CHgOlg 
from which by polymt^risation more complex carbohydrates, like starch 
and cellulose are formed. 

The energy involved in synthesis, respectively oxidation of hexose 
can be represented as follows: 

6 COg+dHgO (CHgO)^-f-bOg-f 686 K cal/mol. 

when the reaction proceeds to the right it is endoergonic i'equiring a supply 
of 686 K cal/mol (»f energy, while if it goes to the left it is exoergonio requir¬ 
ing an equal aitionnt of energy. It may be mentioned that the processes 
can be commenf;ed or ended at any intermediate stage in the living organism. 
The catalytic mechani.sm w'hich facilitates the reaction will be discussed 
later. The carbohyilrjites not only provide the source of energy for all 
cellular processes, bixt some of their products like cellulose, hemicellulose, 
lignin, pectin form the building materials for plant structures. 

Kncrgy utilization in living organisms —^Two of the main functions of 
the energy released by oxidation of glucose, are the synthesis of other mole¬ 
cules of biological importance, and performance of work by muscular con¬ 
traction. The biochemical reactions underlying them proceed by isother¬ 
mal coupling of an energy spending (exoergonic) "with an energy receiving 
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(eticloergonic) process. In the corresponding non-living co^uiterparts, energy 
is supply by heat flowing down temperatui*e gradients. I cite two illustra¬ 
tive examples: 

(i) In a chemical plant, like the one it»sialle<l at tSindri, fixation of 
nitrogen is brought about by processes which rocjnire sup 7 >ly of energy, 
bot.h for compression of atmoaj)lieric tn'trf>gen as veil as heat for synthesis 
of energy rich nitrogen compounds. For this j)urpose, in f hermaJ stations 
fossil fuel coal is generally utilized, alternately electric powder from hydi'o- 
clectric generators. 

Generation of mechanical ])ower can be both by thermal j)lanls or by 
hydroelectricity. In the former heat is gencratctl by combusion of fossil 
fuel produced by photo.synthetic activity in past ages, in the latter, the 
head of water for power generation is based upi>n e\"a}>oratiou of Avater 
by sun’s rays. 

In green plants glucose is synthesized by utilization of absorbed solar 
energy and in all living systems oxidation of glucose is utilized for Hui)ply 
of energy. TJoth the procc'ss take place at. nearly constant temperatures. 
Scvx'ral soil microorganism like AzotohacAcr, Rhizobium, can tix nitrogen 
by isothermal processes, based upon oxidation of glucose. T?i the 
nodules of leguminous jdants a hemoprotcin similar to blood hemoglobin, 
occur, Avhich can be reversably oxygenated and deoxygenated. and st'rvcs 
to supply oxygen to Rhizobivni. 

The energy liberated in oxidative processes may be transported to 
other units of the cell by at least two well inve.stigaled methods, of which 
the most important is by means of energy rich ])hosphate inttu-mt'diates like 
adenosine triphosphate (ATP), phosphates of creatine and arginine. When one 
mole of ATP is decomposed to ADP +a phosph«do ion, 10 Jv cal. of energy 
is set free. The free phosphate can combine with glucose to form glucosc- 
l-Y)hosphate with an energy of oxidation of 3 K cak)ries. This compound 
is the starting point for ■polymerisation of hexose into celhilose an<l other 
polysaccharides. Other known instances of the use of ATP arc in the 
formation of Y>cpiti<lc bonds in the synthesis of proteins from amino a.ci«ls, 
the synthesis of fatty acids etc. 

From each mole of completely oxidised gluco.se which release 804 
k. cal., 36-50 energy rich yrhosphate bonds are set free, which can be 
utilizc(l in the cell foi’ many purposes. The completion <>f the cycle of 
operation includes the resynthesis of ATP from ADP+PO^; the energy 
of reformation comes ultimately from oxidation of glucose. In animal 
tissues ATP, creatine phosphate, and arginine phosYihatos are found; in 
plant tissues other energy rich phosphate comj^ounds have been ft>und, 
but the modes of their action are not known. 


Pathways of glucose breakdown —The following three }a'oce.sse.s arc 
known, all of which follow a common j>ath (CHaO)^—> 2031140 their 

(pynrvic acid) 's. 

final transformations are as follows: ^. 

1. CeHj2Oe-f-602 —> 6 CO 2+6 H 2 O-I -686 K cal. : aeorobic oxidation 

2. C^HiaOe 2 C 9 H 6 OH- 4 - 2 CO 2 + 6 O K cal. : fermentation 

(alcohol) 

3. CeHiaOa 2CH2CH(OH). COOH-f 36 K cal. : glycolysis 

(lactic acid) 
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if) 

With a suppU' of (i) is carried out in all organisms. Under 

r(!strieted snjiply oT oxygen (ii) and (iii) occur; (ii) in yeast and (in) in 
muscles. 

Muscular iror/c : Having considered the chemical transformations 
acci>m);)an\ing hreakdown of glucose «-o»i]4ed with synthesis of othen 
cornpiJimds ol biological iun)ortanco inside the c:ell, 1 shfdl next consider the 
t-nsc ol’ hf>w g!ncf)sc‘ breaiidown supplies energy for ]nu.sciilar contraction. 
I’lie mus»les 1 shall cofi.sider are verk'hrate si riated muscles. Contrac¬ 
tion of such irnisclti is btoiigid about by stimul.ation of the attached effector 
nerve. Tlu; propf^g.iiion of nervous elociiic excil;iiioii is ultimately based 
upon theinicjil ineiabolisin in the nerve cell with its threacl like processes 
flic au\ons, a»id is acco7n])nnied by increa.sed nerve tis.yuo respiration. 
Acetylcholine (A( h) is associat('d with nerve transmission in many' not clearly’' 
understood way's. Wb(‘n the jicrvous exeitation ]*asses across the nerve 
end plate jnm-tioiis with muscle libre, an aj>preciablc quantity of ACh 
is liberaf e<l, tolluv. cd by’ miiscidaj- contraction and tht^ disappearance of 
A( li aiti'r some ti>u<'. A(*h directly inlroduccfl iji a nerve free muscle causes 
mu.scnJar twitches (IS, p. (j ts). 

Ifow’ the release t)f A( stalls the <‘<.)niract ion of a skeletal muscle is 
not clearly tindcistood. 'I’lie mi'si le contains a. reserve f)f glycogen, ATP 
and phr>s[)hoereaiine. The iiivst steq^ in the chemical changes accompany¬ 
ing tlie conti-ai’tile ]U'oce.ss is the release of phoS])hate ion from phospho- 
«Teatine "[rins starts tlu^ breadkoun of glycogen; after a number of inter- 
Tuediatc steps it results in the formation of lactic acid. A part of the aeid 
is completely oxidised and the re.st leformefl into glycogen in tho liver. 
Idiosphoerea.t.irie is reformofl by the transfer of a phosphate ion fi’oni ATP. 

WJnle t he i rmi raet ion of skeletal mtisele i.s neurogenic i.e., tine to 
neivc stimulatioii, the rythmic, contractions cif a vertebrate heart muscle 
is ttot de]»end<‘nt on any ext raucous ntu've stimulat ion, and is called myo¬ 
genic. It ha.s bettn recently shown by Hums'®* that the contraction of 
veitcbrato heart muscles is dependent on ACh. While in norurogenic 
miisfile, ACh is released by a )u*rve impulse at endplato junction, a chemical 
process is r(‘S])oiisible for the format ioji of ACh in the heart muscle which 
is destroyed at. eacli contraction. As in skeletal mu.sclcs the contractile 
pulsations of the heart are maintainetl by gly'cogen breakdown and the 
ATP is the activating agent. In both cases the releasing agent is ACh, in 
one ease by the action of a, nerve current and the other by a chemical pro¬ 
cess. 


Eleciric Organs —WIxon an excitation from a nerve passes from the 
nerve end plate junction to the connected muscle, it elicits along with muscle 
contract.ion an electric disturbance which travels along the muscle from 
end to end. It is believed that electric organs found in certain fishes in 
Africa and South America arise from a degeneration of the muscle endplate. 
Tho development of electric org.nns has been followed in very young speci¬ 
mens of the Torpedo or electric ray, where the various stages in the trans¬ 
formation of a muscle to an electroplax has been obst^rved. A similar origin of 
elec-tropl.axes is assumed in fishes xxossossing electric organs like the Electro^ 
phorous (Ggrnnot'us), the electric ray {Torpedo) and in others. These electro- 
plaxes arc arranged in columns which may contain upto 400 plates, several 
columns together from the electric organ. Hach electroplax is connected 
individually to the brain centre which controls their discharge. When 
stimulated they discharge in series and can generate potentials upto 500 
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volts/^^^ In fact each column is equivalent to a Galvani pile. As at the 
ends with the motor nerves, the electroplaxes release a considerable amount 
of AOh when stimulated. They arc also rich in phospocreatine, which 
diminish in quantity with activity. 

The point which I have tried to illustrate here is, that not only the 
metabolism of the organisms but also their jiiotor and ek'ctrical activities 
are brought about by a correlated series of cliernicial changes in the related 
tissues, and in every instance almost identical chemical reactions are 
involved (18, p. 031). 

liiologiail building blocks —TJu' structure and functions of organisms 
are as we shall sec built up from a limited inimber of chemical okmienhs, 
which are combined into a limited grouj> of simple coumpounds. The 
latter in turn serve as construction units of largo molecules wln'ch again 
arc the building blocks ol’ organisms as varied as unicellukir cells like alga 
to the highly diflerentiated mammals. VV’^hik^ natural sek^(*4ion has j)!ayed 
a dominant role in the evc:)lu1ioii of living cagariisms, its inthience on the 
evolution of chciinical units is probabl 3 ^ negligible^ One? eorij^equence of 
the existence of a limited number of biological building units and their 
limited variability is, that cduince variatiejn of organisms on which jialural 
selection acts can only take y>lace within limited ranges. 

The priiicixml chemical olomoiits wliich enter in the organisms in dinhia-diing 
quantitu^s aro If, O, C, N, Ca, P, Cl, S, Mg., with aorno traces of other ctanents. 1 
shall xiOKt list sonio of tho iotormodiate molocnlos which on+ci as Luiils in In.rgo mole¬ 
cules 

(i) Hexoso, pentose and other carbohydrate building Liiiibs compcj^ed ontii’cl^’ 
of C, hi and O. 

(ii) Molecule^- which in adfUti->ii c^ontaiu N, like tlio rijjg structured purino and 
pyrimidine. Tiie acida of winch about 20 ]iuvc> bt'ou isoLilod .ajid their struc¬ 

ture dotenniiied, form the atriictiiral units out "f which tlic jirotcLis me built up, con¬ 
tain iu addition sulphur. 

(iii) Tho pyirolo ting structure whicli Ofjcur in units :>! four in many mc’lctmlcs 
concerned with tho absorption of light in phitosynthesis, in tho trnns]Mn-t of oxygen, 
like homo, cytochrumo. 

I shall next pass on to tho considc*ration of some ol the Uirgo ulns wluch 

servo as building units or have special functional x:)Toportics in the inotabolit* preu-ossosa. 
The m >st important of them are:— 

Protein ^Molecular weight of protein ranges at least as high as 070000, whicdi 
correspond tr ob<mt 50,00() amiiio acids; those are joined togotl\cr b\ what are Iniowri 
as peptide bonds- If the twenty amine aicids wore ctmibinoii at rauchun aleug poly¬ 
peptide chaiuf, millions of difforont kinds of proteins wcuihl bo p^f-.-ihlc, but actually 
there are a idatively few typos, indicathig that certain rostilcdions are iinpi)sefl. llio 
proportion of amino acid groups varies wi<lcly among tho ditTf>ront kind <'f protci^is, 
but there is evidence that a given amino acid is always distributor! at regular iatorv’^als 
throughout a polypeptide chain, so there appears to be st>mo rocunitig patb'rn. Thei'o 
is also evidence that proteins are made upof units, each contniuing about 288 amino 
acid groups, in which the individual typos follow such a r*.icurring arraiigt'nicnt. 

Proteins are of two general typos, fibrous and conjugated. Fibrous probuus are made 
of up of tmiis of long chain mdocules which posses^ tho prex'^^^iy *>f shtirtoning their 
length parallel to the longitudinal axis. The contractile ske>lutal rnusclt^'s are made 
up of such fibrous proteins. They also enter into the Btructui*es i>f hor/u htiir, nail, 
skin and exoskeleton of insects. 

Many of tho most important proteins, including nucleoprotoins, tho respiratory 
pigments and various en»ymes are conjugated proteins, having an attached or pros¬ 
thetic group, which may confer many imj^ortant properties to tho protein molecule. 
These will bo diseased later. 

Nucleic acids are nitrogen ancX phosphorous containing compounds, which can 
1)0 broken down into a variety of nucleotides including adenylic acid, so, important 
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in onorgy trarisf ^rmrtioiis, Tho latter contains u nitrogen base piirino, a pontoso sugar 
iind phosphoric aci< I. 

'fwo tyxjos of nurloic arid are found, tho ribost) and 2-dosoxyriboso forms. Tho 
dosoxy ribose form is j^ssociatod with tVm coll nucleus and horodity. There is ccn- 
si<lorable ovidc^iu’d that tlio nuclooproteius are in genend c »iir*ornod witli tho syntliesis 
of y>r<deiri. Both plants an<^l animals cojihdn nurlooprotcins, and this is taken 
evid(nu*o of their common origin. 

Enzymes—As is well known onzymos arc bitdogical catalysts, which alter the 
rale <»r c>M5mi<*al roaedion without any xdsc of b^mperaturo, aa<l without nltoring tho 
dirocli ni or tho extent of tho reacti^m. Kir/A riios can bo of many ki uls: (i) it can 
bo made up wliolly of protein m ilornilo (ii) it can hav^e a pr<>sthotic growy> which may 
be a siinjdo ni-dnllic ion cu* a nonprobdn molecule. In certain onzyiiios the jn'oslhotic 
gi'oup may b(^ a c'omjdicatod group like llio nucleotide of cnonzymo 1. Investigations 
of Tutum aral Beadlo make it pribablo that in simple 4>rgariisms like Ncuro.spers and 
some bacteria, each onzymo is c^oulrollo*! by gioun 1 have mentioned before of thcj 
macromoloculo mitochondria, comin:>n to all animals and yoast, is a multiouzyino unit 
contaifiiiig tho full cotnplomoiit of about 100 onzymos necessary f'^r tlio cair>irig out 
of tlio citric a4'id cycle and allied processes, tliscoverod by Krobs. In iu>n mitochon¬ 
drial system o.g., ifi higlior ydauts all tlio activities of inito<‘liondria have boon dup¬ 
licated . In su(*h systems tlio ^vetivated siibstrab? is transfcrrcMl from one onzynio to 
another arul undergo niactions without at any time coming into conta<*l with non- 
activat^d inolocnlos. Sucli n reaction sorpionc^e calls for aii intimn.tc» collaboration if 
a groiiji of onzymos. Tho catalytic unit f<»r tho ov'cr all rtvicticn is no h>ngor tho iiidivi- 
dual onzymo but a team c f onzymos. 

Tho last cornpountis I shall considor in this soedion are colourod i*<^)mpouud.s, con- 
tairiiiig a totrapyrre lo structure, which aro ardivo as light ab.'-^orber as in chlorojiliyll- 
or in tlio transfer .if oxygon in tho body fluid as homo, tho prosthetic group in homo, 
glohin. tn chlorophyll a Mg. atom is at tho center of tho totrapym>lo ring,while in 
licmo. Mg. is replai'cd by iron. Tho same fdraciuro is inoi with in a iiumbor t>f onzymos 
connected with tho transport of oxygoni<* respiration iii tho eytochromo systorri. In 
virgariisms belonging to dilferoiit genera aiid s}>(?ci(^s either thf?structiire of the pyrrole 
compound or its ratio to tho globin is altered (2). 

Adnplaiiori and Natural Selrrtion —Tin; cliscovory that the cliomical 
eompounds found in living oi-ganisiiis were confined to a limited number 
^>f typos, was pret^eeded more lhan a century ago by a similar morjiiliologiGal 
discovery based uj>on cHirapnrativc anatomical studios ]>y Owen and others, 
ft was noticed that groups of animals were organized in one or more architec¬ 
tural plan sii(*h as that of tho V<‘rtel)rata, the Artliopoda, the Mollusca 
and so on. Owen held that in each of tlio main phyla, there is an under¬ 
lying Y)lan or arc*hotypo bxiilt up of a ntimber of similar parts, such as the 
vortelira of vertebrates, the segments of centipidos and worms, the 
ossicles of Echinoderms^^. These parts are modified in different species 
in adaptation to tlieir special conditions of exisienec. Similarities found 
to exist in tho forms find functions of animals could be classified according 
to Owen under two different concepts. He defined homologous organs 
<as the same organ in diff<;rent animals under variety of form and function, 
e.g., in two such vertebrates as a mole and a bat, the prelimbs have entirely 
different functions, yet the skeletal plan of the limbs is in both cases the 
same. On the otlier hand it is frequently found in the animal kingdom, 
organs which show remarkable similarity of structure and function but 
whose bodies arc otherwise built upon totally different plans. The wing 
of a bird and the Aving of an insect perform analogous functions. The 
ability to fly 1ms been developed in them on different linos, the appendage 
pattern in the insect being fiotally different from that of the vertebrate. 
Another example is that the eye of a cuttle fish imitate the eye of a verte¬ 
brate, in both case we have the same arrangement of lens, iris, retina, and 
so on. Though there is some differences in the innervation of the retina, 
the resemblance is striking. One of the most striking examples of such 
so called parallel evolution is the development of the brain in insects and 
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vertebrates; the highest developments have been found in bees and ants 
on the one side, and in mammals on the other. Bergson pointed out that 
instinct and intelligent behaviours are on two difterent lines of evolution, 
each with its advantages and drawbacks. Jnstinctive behaviour is chara¬ 
cteristics of the little brained type of animats, rcai;hing its climax in ants 
and bees with a rich repertory of instincts and v(;ry little of educability, 
while the big brained ty])e reachetl its climax in the Inglier vertebrates. 
Speaking of such instances Bergson said wludJier wt! v\ill or not wc must 
appeal to sojne inner directing principle in order to account for this con¬ 
vergence of effect.*^®* 

The harmonious devek)pmcnt f>f the coinptmcnt organs I’elaied to the 
organism a.s a Avholo and their adaptation to the perform;’.,nee of specific 
functions have attracted the attention of natural philo,st>plicrs .since tlio 
ancient times. According to Aristotle, an cntclechy oi’ final cau.so gukles 
the development of aii organism i’roin birtli onvvaixl.s. To Owen it appeared 
that in eveiy spc<;ie.s, entls were obtained and the intcre.sts ».it' the animals 
j)romot,tifl in a way winch imlicattid superior de.sigu, intelligeme and foi’e- 
sight, in Avliieh the jiulgemcnt ajid icllecliou of tlie animal w('ro never con- 
coj-ned, and which we mu.st ascribe to ‘the Sovereign of the lJrii\er.se’ To 
Bamarck adaptation of the organism to its ciiviroinncnt was due to the 
inheritance ol aptitudes acquired (hu’ing an anirn:il\s lifetime. All rhe,se, 
different hypoihe.sis were .swept aside by the publica,ti(jn of Darwin’s 
Origin of Species in 1859. The adapt ivamoss of the oiganism to its en¬ 
vironment w'as attribntefl to the weedijig oiii by natural selection of all 
chance variati<tns wJuch occured in .succcssi\c geiK’rations, but which were 
not suited ft>r survival. ‘Willi the kuowlcilge. tb.-it has been ama.ssi’d from 
Darwin’s time, it is no longer pos.sible to believe tlait evolution is iirought 
about through the so <’allcd iiihcritauce oi acquired chaTacter- the direct 
effect of use or disuse of organs or of change in cuvii'oinucut or by the con¬ 
scious or uucon.scious Avill of the organism; or through tlie o2a‘ratioii of 
some mysterious \ilal force; or by some inhei-ent tcnden.cy i.o., <dl thecirics 
lumped together under the heads of orthogenesis and f.amarckism—are 
invalidated” Kcgai'ding the nature- of the variations on wliicii natural 
selection ojierates, J. Huxley remarks ‘‘In all c-ascs tiicy (the variations) 
are random in relation to evolution. Their efi'erts arc not related to the 
noefls of the organism or to the condition in Avhicli it is placed. Tliey 
occur without reference to their po,ssiblo cons<.-qncnce,y «.>r biological irses— 
the cajiacity of the living organism for reprodmtion i.s tiie cx^iansive driv¬ 
ing force of evolution; mutation provides its raw material; hut the natural 
selection provides the direction”.**^**'‘' In fact ‘Natural selection’ is creative 
in the sense that it can and does operate to produce evolutionary novelty. 

It will only be creative in cei’tain conditions of evolutionary environment; 
in others it will operate to discourage novelty and lo iiroduce and main 
tain stability” 

The view held by many competent biologist of the ilifficulty of imagin¬ 
ing that ‘chance’ could create a hand or eye or other adaptive organ, no 
longer, according to Huxley, carry and weight ‘Tn fact the ‘argument from 
improbability’ has recoiled on the heads of its users, and the apparently 
incredible complications of an organ mu.st now be taken as additional 
evidence for the power of natural selection”. “It is due to the capacity 
of natural selection—to combine over a series of generations, a number 
C > mutational steps, each of which by itself is an improbable or rare event; 
the sepei'ate improbabilities are not merely added up but multixilied by 
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each other at euc‘h new step. What is involved may be clearly pictured 
wlK-n we recall lhat the number of generations available for the evolution 
of the huinari eye for instance, is of the order of l()“”(lOa). 

One cfili*- (Roger Pilkington)'^” has remarked “It is diflScult to sec fcjpw 
riatuial Sf'leition could jjossibly have selectetl independently a mimber 
of .s<‘i)arate anatoinical inJ 2 )ei’l‘ections and gradually build up into a single 
evolutionaly stiain av lien each aberration hy itself was useless an<l per¬ 
haps disadvantageous, until accompanied by all others. This i.s the diffi¬ 
culty in th<‘. case of the I’ye; to tell us that the sheer improbability of natural 
selection being tin* resjionsible agent, is the very jaoof of its efficacy is 
just absurd... I’o suggest that natureal selection is the only ‘effective 
agen«-y of evolution" is to make an assertion for which there is no evidence 
whatsoevt'f. IVr-haps the insertion of the word ‘<list!Overed to date’ at 
the end <jf t he sentence wouM give us a more realistic, picture of the 
siat<‘ of our knowledge of the magnilicant and baffling evolutionary 
proc< ss“ 

Biotnctricnl (fc/ielic -^— Huxley bases his conclusions on some probability 
cah-nJfilions by biomi'lrifal genetici.sts like R. >\. Fisher and Muller. It may 
be doubt<‘d vvludhei’ stati.si ical analysis of genctical data can always provdiie 
a. reliable check on flic basic assumptions on which the analysi.s is based. 
The following illustration will eliu-idato my point. The ap]ilication of 
statistics to hereditary dala was st.arted by Gallon and Avas based upon 
his eoiisiii ('harles Darwin’s observations. Darwin xvhile re«*ognizing the 
oecurrenco of ‘sports' of unitary genetic changes having major effects, 
nevertheless laid emphasis on small differences w'hose accumulation and 
mutual sujipicnu-idation tli«* greater ilitfereiices between specie,s w'ould 
eonu‘» about. To him important variations were continuous. Gnlton in 
iiis biometrical gtaielies endeavoured to give quantitative jjrecision to 
notions \ iii iations and here<lity. Ry this method some amount of 
success was obtained in (“.vpressittg variation an<l likeness betAveen rela- 
tiv'es. On the* other hand tiie nudhod could not cope with the evaluation 
of tlie sim]>lo arithmetical relations found by Mendel to represent dis¬ 
count inuous A’arialions. Mendel’s biA'esiigations as Mather remarks “must 
huA'c held a great appeal to tlie less mathematically minded biologists 
A\ho as students of horcflity and variation before 1900 had doubtless suff¬ 
ered under a bionu'trical fyraniAy”. The (jucstiori remained unsolved for 
sometime w'hether it could be possible to reconcile Darwinism, biometry, 
and continuous variation with Mendel’s simple arithmetic, and disconti¬ 
nuous A’ariation. In lOlH R. A. Fisher demonstrated that the ‘biometri¬ 
cian’s OAvn results must follow' from Mondelian inheritance, and that their 
oAvn methods coidd be used to partition continuoAis variation in such a 
Avay that. Mendel's own phenomenon of dominance could bo recognized at 
w'ork’’^*®’ It is likely that at the |)re8ent moment some of the less mathe¬ 
matically mitxlcd biologists are also suffering from the newer ‘biometrical 
tyranny’. 

HomolcHjy a^ul Analogy —As a physicist not competent to evaluate the 
statistical methods employed in current genetioal studies, I shaU confine 
myself to citing a few examples of homology and analogy, morphological, 
functional, and biochemical and discuss how far they are explicable interms 
of Neo DarAvinism. Morphological homology has been studied in relation 
to comparative anatomy w'hich made striking advances during sixty years 
following the publication of the Origin of Species. It was interested 
particularly Avith the search for archetypes in the guise of h3^pothetioal 
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ancestors/^®* On© of the problems thrown up was regarding tb© significance 
of orthogenesis, a term used to descifbe Die persistence of evolution along 
certain pathways. Increase in size of horns in successive Sfjecies of titano- 
thera or the progressive increase in size of canine tticth of sabre tooth tigers 
are examples frequently lited^^’. The.sc arc taken as cxami)lcs of persis¬ 
tence of a non adaptive scries not explicable in terms of natural selection. 

ICxamples of homology occur amongst each species of chemical com¬ 
pound found in living organisms. llomolog 3 '' in comparable enzymes 
form an interesting study. The enzymatic breakdt^wn of hexose molecules 
follow a common pathway in many of liighor plards animals and micro¬ 
organisms. The*, cyclophorase enzyme system whicli ctmtrol the Krebs 
citric acid cycle is common to many animals, microt>rganisms, and higher 
plants. In the formtsr tv'o, these enzymes groups art; found in the mito¬ 
chondria, while in higher j>liints the occurence of such macromolecules has 
not been reported, it has been slujwn in iTiany instances, that comparable 
enzymes found in diffcicnt sijccics have not identical alructures. Thus leaf 
phosphates of many plants although generally similar in nature, do differ 
in their charactt‘risti<* electrophoretic mobilities. Amj’^la.ses as well a.s pro¬ 
teases, dii'ter amongst thomsleves as to pH optima, inactivation character¬ 
istics and olber qualities, indicating als<} a measnrt; of species specificity. 
This is probably due to the specificity of the conjugate jjrotein groups of 
those similar enzymes. The hemoglobin (*f Vertebrates consist of a pro¬ 
toheme a tetra\)yrrole .structure, atf ached to a globulin molecule whose 
specificity varies with the sjiecies. 

The limited variability of the molecular species which are found 
throughoiit the whole kingdom of living t)rganisms, also imply a limited 
degree of variability of tlit; gene molecules which controls the dc velop- 
ment of the organisms. TJiis is Jiot surprising, sinc:c the gene molecules are 
nucleoprotelns. The chance mutation of genes is thus possible within 
a very restrictcfl range, and that may account for the occurence of ortho¬ 
genesis. 

Another enzyme system responsible for transport of oxygon in res¬ 
piratory systems, the cytochromes is present both in plants and animals. 
These compounds are evidently of moie inimifive <>rigin than the heme 
series of pigments, Avhicli are associated with circulation of fluids in higher 
organisms. The continuation of the same basic pattern of the tctrapyrrole 
structure in chlorophyll, in the heme series of pigments, an<l in the cyto¬ 
chromes, while evolutionary changes of great magnitude have been taking 
place should give the appearance of direction in evolution. It might be 
described as orthogenic trends. The morphological orthogenetic trend 
may in some way be related to the biochemical one viz., to the limited 
freedom of large molecules to modify their structure (2. p. 188). 

Analogy —There are again instances where the same function is being 
performed in different groups of unrelated organisms by analogous 
structures. Erythrocruorin (invertebrate hemoglobin) appear in widely 
separated species, between which there is no evidence of genetic relation 
ship. There is a haphazard distribution of these respiratory pigments, 
many of which have modified tetrapyrrole structure or which may contain 
iron but no heme, or which has neighter iron nor tetrapyrrole ring, as in 
hemocyanin. Here there is no evidence - of orthogenic trend, but rather 
there is evidence of a few patterns have been used quite unsystematically 
for analogous functions. Again while the tetrapyrrole chlorophyll is 
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most widely distributed in plants as light absorber in photosynthesis, there 
are otlicr ehr(.^mo]jroteins which can act in this capacity, like phycocyanin 
and phycoerythrill, in which the prosthetic groups are open tetraphyr- 
role coinpountLs. (2) 

Another group of instances relate to the axn>carance of the same sub¬ 
stance or function or organ in quite unrelated organisms. A hemoprotein 
vvhii-h perforins identical fund ion of oxygen transjiort has been found in 
the root notlules of Icguiuinous plants. Astbury and Weibulb" have studied 
the X-ray diagrams t>f iiacteriai flagella \i\ Proteus and B. subtilis, ivhich show 
jiatterns very similar to that of fibrous pi’otein of skeletal vertebral muscle. 
On the other hand t he x-ray pattern of algal flagella has not so far revealed 
any iliscernable similarity. 1 shall refer to the very interesting review 
by Dr. Pantin'’”' for similar examples of repeated api>earance of compli- 
cate<l structures in unrelated zoological groups, and content myself by 
giving some examples of ajjpearance of analogous structures in plants. 

A.milogous functions In plants —Orowing I'egions of plants show tro- 
pistie responces to light, gravity, and mechanical stimulations. The plants 
possess I’eeeptor organs developed for the perception of .sj)ecific stimuli. 
The photoj-eceptor in j»lanf s contain some carotenoid compound; in animals 
the photoreceptor organs from the lowest to the highest are conjugate 
proteins t.o which carotenf>id containing jirosthetic groups like rhodoj)sin, 
phorphyropsin are attachcil. The gocperceptor organs in animals consists 
of fluid filled chamber, (he bottom or top of whicJi contains a sensory epi¬ 
thelium. A solid or semi solid bofly the statolith, rest or hangs from this 
epithelium. Any <‘hange in the alignment of tlie organLsm displaces the 
statolith and relca.ses self aligning reflex activ'ities. The geoperceptive 
layers in the growing regions f)f plants, stems find roots, contain layer of 
starch granules Avhi<-h ticcording to Haborlanrlt are the geoperceptive stato¬ 
liths in phiTits. By tluur displacements in a horizontally placed young 
plant, the stem is caused to ])oint. upwards, and the root tip tlownwards. 
Similarly there is a great tleal of similarity in the behavdour of sensitive 
hair lilce structures found in certain plant organs, like the tendrils and on 
certain parts of the skin tjf animals. These perform the part of mechano- 
rcccptors. The t ropic cui’vaturi' ]jrodueed in plairts is related to the rlirec- 
tion of an electric field produced in the receptor layer, such that the con¬ 
cave sirle is always electronegative. In analogous reccj)tor organs of animals, 
the effect of stimulation of the receptor is to produce a change in electric 
potential at the junction of the recejrtor to the attached affector nerve. 

The leaf system r>f some of unrelated species of plants e.g., Destnodium 
gyrans {Lieguminosne^ and Oxalis acetorsella {Oxalidaceae) perform rythmic 
pulsations during the flay; the best example is found in the small lateral 
of Ficstnodiiini gyrans. Kach mechanical pulsation is accompanied 
by an electric one. It has been found that the source of energy for mecha¬ 
nical pulsation is the oxiflation of sugar formed in the leaflet by photosyn- 
the.sis. The mechanical pulsations are accompanied by pulsations in the 
respiration of the leaflet.”"’®^ 

The hair like jdgae Nitella, Chara show all the characteristics of isolated 
nerves. Mechanical, chemical stimulation of one end, can give rise to single 
or repititive propagated excitations of an electrical nature. In the sensi¬ 
tive plant Mimosa pudica {Ijcguminoeae) the stimulation of one part of 
the stem is conducted as an electric excitation, which elicits mechanical 
closmre of the pulvinus and attached leaf system. Such excitations are 
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subject to the same kind of amplification or depression by means of cold 
block, flow of electric current or clunnical agents, as are found effective in 
an animal nerve muscle unit. The nuichanical response to stimulation 
may be either single or repititive. Further a chemical substance which can 
be isolated by hotwater extraction »)f macerated Mimosa stems, 
when introducecl within the cut eiul of a revived stem pulvinus unit of 
mimosa, can produce single or repititive discharges of tlic pulvinus leaf 
system—its role is analogous to that of acetyl choline' Biophytum sensi- 
tivum (Oxaliclaceae) also exhibit similar charatitcristics of inechanicul res¬ 
ponse to transrriitted stimulation. 

Examples from Embryology—OWwr instances of a[)pearance of similar 
functional processes in unrelated animal organism, is tf> be Tuet with in 
the methods adoptetl for embryonic dev'elo])ment. 

‘‘E^iytlayying lias boon abarnl<mo<l a’nl li\ ing birtli ban boon imlo^joi'clontly vosortofi 
to by mmiy groupn <>f invortobnitos (Mollusi-s, liisoots, Araclniiila and t*rtiKtaocaii») 
and Vortobratos (Kidi, Amxjliibia, Hoptilos and Malumni'-’). 

lliw those necil • uvo satisfiod is familiar t> studonts of Embrylogy. Well kn iwn 
too that thos<i highly oomplox struoturof- of the ombry iriios '^tiilos I’.aN-o boon dovolopc<l 
many times in oeiiijdeto indofHindoiioo. 

If ivftor a <‘ojisidorati m «if all these mar\s''ll<»n'-i tom]torary organs an<l strnoturcs 
wo turn to post natal lifo, wo aro almost for<-c><l to tidmil tliat what is <levoloxx>d bofero 
birth is almost mere in its adaptation tliaji anything that is dovoleiiotl attor 

tho oinbryouio, xx'riod is passoil. That tlio omhrx'onio dov'olnpinontw aro dirootlj' «lovo- 
l<>j>od towfirds the Hatisfarlioji of tho spo'-ializod noc'ds of the oinbi-\o sooms ini]»os.',il)lo 
to dony at loii.’-l wo might say that it is diffionlt to oxt«>nd ( 'hfirles TJarwin-- Alfred 
AValLwe theory of ovolntinn, hy moans of ohaiioo variation, aotod Oiil;s' by natural solec- 
tioii, to what happ<''ns before tho iridividnal rubs slinuklor with thts w'orl<l”‘“‘>, 


Sovru THEORETIOAb OONTCHTSIONS 

Before proceeding further it will bo useful to review some of the 
theoretical conclusions which <!an be drawn from the materials T liavo placed 
before you, on the nature of the living organism. 

(1) The organism can be considered as an aui.»>nomous unit tliroiigh 
whitih there is a continuous flow of mailer and energy. On fho one side 
there is increase of entropy due to break up of the energy ricli compounds 
accompanie,d by respiration and elimination of waste [a'Oflucts, which 
on tho other hand is compensated by the organism abs<jrhing negative 
entropy from some system coupled with the organism, one of which is the 
donor and tho other the acceptor; these changes take place according to 
thermodynamic laws. Does it imply that tho living organism is a machine? 
It is possible to construct automaton which can j>crform cycles of operations, 
in which energy is taken in from cither a heat or water reservoir, and the 
whole or part of it is disc‘harged into a sink an<l at the same time perform 
work. To keep such machines going, certain amount of human super¬ 
vision is required, to mitigate the ofect of frictional waste of materials 
and to prevent breakdown. Such machines cannot replicate themselves, 
they also require human ingenuity and flircction for their planning and 
construction. Does this indicate that an additional dlreotivo principle, 
other than the known laws of physics and chemistry, becomes active? 
Philosophers have coined the word ‘emergence’ for any new property 
emerging in an assembly of material units, which is not a sum of the 
properties of the individual components. We have to assume that poten¬ 
tialities for life and mind, are inherent in material units and it requires 
certain state of accretion for their emergence. The principal characteristic 
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of a living organism is its caj)aoit.y for self maintenance in a changing environ¬ 
ment. Arlditional property is that of self replication, with which is asso¬ 
ciated a liinitetl degree of variation. The last character provides the basis 
for evolution. 

(2) How does this increase in organisation conform with the postulates 
of the law of entropy, which vecpiires that in an isolated system, like the 
universe, there is an irrev^crsible teiHlency to pass from a lower to a gi'catcr 
randomness in the <listribntion of matter and energy. As mentioned 
earlier, according to Wcizsackcr, ihe second law of thermodynamics allows 
us to conclude fi-oiri the existence of forms, that some thing still more im¬ 
probable had cxiste<l in the past, an energy naTnely capable of producing 
form. The loccd increase in organization is associated with increased 
randomness of distribution of matter and radiation elsewhere. Cosmolo¬ 
gical examples arc the creatictn of galaxies, .stars, the .solar .system with its 
pLanets. Here the gravitational potential became effective in produca’ng 
forms and the energy released during the condensation of matter is con¬ 
verted into thermal radiation. Similarly on the earth, lowering of tem¬ 
perature made i>o.ssible the a^jpearanee of moletnilar spe<-io.s, cry.stals, and 
rocks, for which a coT*responding amount of chemical affinity potential 
wtvs 8(5t free and trnnsforme<l into heat, radiation. Jb’inally with increase 
in complexity of chemical molecules, a new state of accretion of matter 
became possible, viz. the thennolabile .self rejdicating prr)tein molecule.s 
whi(!h became tlio fabric of the living f)rganism. Jn the beginning the 
earth was rich in potentialities ami jioor in actual form.s, rich in creative 
possibilities poor irj created .sti u< ture.s. With the coming of life one of the 
creative potentiality became an act.jiality, there; hy diminishing the total 

available j)otentiality e>f the earth. 

► 

Organic De.sign —The living organi.sms are built up of a limited number 
of molecular- spe-oies, the carl)ohy<lrate.s, the ])roteins, the nuelcoproteins, 
the enzymes and so on. The.se moloeulc.s are again built up of a limited 
number of atoms; their .structure and mode of interaction are based upon 
law’s of physics and chemistrj^ Tlu'ir contimied prodiuition for millions 
f)f years in organisms which passed through diilerent stages on the evolu¬ 
tionary scale, from protoz.oa to man, .show tlial their existence is not depend- 
dent on natural selection. The organism has a number of functional 
requirements connected with metaboli.sm. It has to be provided with 
mechanism for reception of stimuli from the environment, by means of 
receptor organs, a central nervous agency for the reception of messages, 
and for the sending ont of ^)rdors to motor organs. By such means the 
purposive self preservative activities of the organism are carried out. For 
such multifarious activities, a limited number of constructional units are 
available, out of whivih the organism can be built up. It is also noticed 
that for the satisfaction of the same functional requirement, alternative 
plans of construction are available. 

Dr. Pantin'® has drawn an interesting analogy between the assembly 
of a living organism out of the limited number of available biochemical 
building blocks, to that of a model made out of a child’s engineering cons¬ 
tructional set, consisting of standard parts with unique properties, of strips 
plates and wheels. These can be utilised for various functional objectives, 
such as cranes and locomotives. Generalising, on this, he says ‘in this 
universe of ours any functional problem must be met by one or other of 
a few possible kinds of solution. If we want a bridge, it must be a sus¬ 
pension bridge or cantelever bridge, and so on. And the engineer who 
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constructs the bridge, must csiioose Avhichevor of the solutions he 
oan best employ Avith the statidard parts at his disposal. In the design 
of a bridge there are in fact tluee elements; the classes po.ssible in this 
universe, the unique properties of the materials available for its construc¬ 
tion; and the engineer takes th<' third place by selecting the class of solu¬ 
tion, aiul by utilizing the projjertie.s of the materials to achicAC the job 
in hand. He is in a sense executing one of ti .set of blue j)rints already in 
abstract existence: though it rerjuires insight to stK* that the blue print is 
there”. 

1 mentioned earlier, that in the conditions prcA^aJent at the period of 
the formation of the uniAersi*. when tin; cleineuts were created, A\ere im¬ 
plicit all the- jx)ssible future forms and cAcnts Avhieh could take shape 
during the subsecjuent history. I'he.se are the blue prints of Dr. Pantin 
or entelechies of Aristotle. Wliieh of these did or did not materialize at 
any time in any particular region of the uniA (‘rse, depended upon the condi¬ 
tions ])revailing there, and they may be c(ai.sid('ied as contingent or acci¬ 
dental. We beernno aA\'are of the blue jjfints only when Ave .se<‘ them 
actually realized. A.s.'^nmptions of the exi.«tenee of such blue prints raises 
cm harassing metaphysical problems, such as A\ cre discussed by Plato in 
his doctrine of forms or ideas. 

Apjjlying thc.se idc'as to the construction of liA’ing organi.sms, it follow's 
.according to Pantin. that lik(* all material structures they must conform 
to certain <*on.strncti<')nal priiieiples. Pine prints of many of them, P.antin 
IiikIs, in D’Arcy "l’hf>inp.son's book 'Growlh and. Form,' Tlie standard p.arts 
available for the consliantion are the biochemical building blot:ks. Dike 
the engineer, u.atiiral selection takes the third ]»lncc by giving reality to 
one or othta' of the .series of pos.yil>lo structural solutions aa ith the materials 
av.ailablc. Thei’e are tAA'o sets of designs inAadved. One of them refer 
to the design ol‘ the component p^lrts, of the biochemical iinits; the.se aa'^c 
h.aA'^t^ seen are not the results of natural selection in the Dai’Avinian sense. 
The over all design on the other haiul, is st;leoted by natural selection. This 
equ.ating of natural selection \\i(h the engineer by T*antin. isopen to <'nti- 
cism. All engineering designs, before th<*y coint‘ in gcaieral ii.s<> have to pa.s,s 
the tost of tit ness. rnnumberable aeioplane models A' cre Irii cl an<l failed, 
before .sueeessful flight aacs acliicved by th(' Wright brothc'rs. 

Putting into existence in living oignni.sm alternate .solutions of certain 
structural Yjroblcin.s is to be attributed in my A'iew, to the mc(!hanisin AA’hich 
controls the prodiudion of novelti<'s in living oig.anisrns i.o.. Avheji gene 
mutation takes place. A<‘eording to this view, mutations ar(‘ not all en¬ 
tirely random ev’ents in the sense defined by Julian Huxley, b\jt are partly 
of a directed or teleologie.al nature, due to, it is to be presumed, some 
actiAdty of the psyche, AV'hieh CA'^en in the subconscious level aa'o must 
associate with the lu’-ing organism, from the initial stage of its evolution. 
Probably it is to this psychic element is to be .attributed the autonomous 
activities which cliaracferi/e the living organism. Aceoreing to Dillie, 
the essential peculiarity of vital organization—as contrasted to the iton- 
living part of nature-—is that spont.aneous factors, who.se activities are 
internally determined and largely independent of present envioronmental 
condition and past history, are somehoAt’’ enabled to assert themselves in 
a unified and effective manner. Physical research has shown that single 
microphysical events haA^e a certain degree of indeterminacy in the sense 
of not being completely predictable; thus no one can predict to which of 
the possible atomic orbits in an excited atom, an electron will jump back. 



20 


4:0th Indian Science Congress, Lucknoxo 1953 


Predictability enters only when a largc-i nmnbor of sueli events are con¬ 
sidered; it is a statistical preclictability". 

Of Ihis nature arc tJie decisions taken by human beings at critical 
situations, the average statistical beha\ iour of sucli a person may be j>re- 
dictablc, like accidents, death rates, the numh(‘r of suicides, and so on, eacli 
of which has its individual as well its cxtemal deterinination. However 
this indeterniiiiate characteristic \\l)ich exhibits itself in sira])le physical 
events, becomes in some mannei’ an essential factor iii the control of the 
whole complex system. Of this nature is tlie control exercised by indivi¬ 
dual g<mo on the flc\elopment ol the organism. Gene mutations are 
bedieved to be transititais between metastable states of the constituent 
nucleoprotein molecules. Generally such tran.sitions are of a ramlom 
character. It is part of my thesis, that under extreme sitnatioirs such 
transitions may lie directively e.ontrolh'd by the unconscious psyelie of 
the organism, ''^he^' do not \iolate any macrophysieal laws, but only 
alter the .statistical weight amongst the different [)ermissible transitions. 
The e.xtreme situation refeaTcd to above arise, when the organisTU has to 
cope with .s])ecial environmcnlal situations, and mutations are directed to 
provide one or <»ther rif the functif)t)al solutions coinpatible with the 
available biokigical inati'rials. It is on such mutated organisms that 
natural selection acts. 

1 am very much awar<‘ that there are many uTisurmountable difficulties, 
which 1 have no time to discu.ss luin;, in ]»icturing how^ directed mutations 
acting over .several genei-alions can produce a structure adapted to the 
altered environment. 1 will end this .section w'ith a ipiotation from 
Lillie (ll,p. l‘*7) in Avhich an analogous situation has bc«'n discussed, 
how spontaneous activities can arise in organisms. 

“ According' to it \ it'w, ^>f iiid^d M‘niiMac*y in tho nonse 

f)t' pfo^;oIlt (iGtf'riTUiriti**!', or i-it(M'ii;iJ < Li'tt'rinirint ion, oi’ c'l.llntj “spoulu- 

nnity” is alwav ; ym'sorjt i*i but to d clo^rtx' wliii-h varios frroiitlv in 

11 io diftoi’e it instdoftbs. W'itiiio t^io Aitdl or;.*-aiion tJiis iiiti'vr.iil (U‘torininnlion is 
a|>pHrt>;illy iiblo to it^( If in u whn wliich not pos’^ihle in systems; 

tho latter mvN iiioro diroelly <!GperMi<Mit ]V>i* tlieir <]o(<M*iniii:itioii on fiu*t^>rs ovlcrnal to 
thomselvos. Such n conclti ion llio n.rlv; otHMo fd n >t cli\ itliiif/ living systems 

shiirply Irotri j20,idivin^r systt'ms, aji<l is t on'-i, tont bolh wiUi physics dull with the 
rytJieo of or^ranir* ov^<ilutioti. I iii,*i.y add that I tlo n<d ujidc'rrato tho diflirnlty cf uiidei'- 
standin^^ how a presiHit ivrti\ity c-an have a -whirdi is irulc^pofideiit i>f past 

ef nditKHLS. J^.it tspialJy I d<» iH»t ‘inid('rstaior t}u' natiir.il eharaet<irif,lie of creativity, 
whieli, ne\'ortheli‘ss is an mideniahlo faet, as human exj’*(H’iou<*e an<l evolution b^»ch 
show. This cliaraotei’istio is ultimate, as Wdiitobead insist ’; and oji t>io basis of im- 
moibate ex7iorieneo, O'-' W'^ll as of <jur seieiitifie kriowleiItro, it seems iustifiablo to refer 
it to psyi Jiieal r.ither than to purely pliyair al faetors, siruo psycdiical events o,ro, in a 
sense ]x?fMiliar to themselves, a manifestation of novelty oi spontaneity us well as of 
the individuation which is a main charartorl-,lie of nature”. 

Communication and Control —I now return to the topic with which I 
started, the discovery that physiological jirinciplcs of communication and 
control observed in livdng organisms has been employed by huma.n beings 
for similar purposes in the machines constructed by them. J. C. Bose 
was a pioneer in this lino of thought. I find it very suggestive that recent 
develoijments in communication teclmiquo, based upon electromagnetic 
theory, electronics, and ultrasonics, which were introduced during the last 
two wars, should have led to the discovery that analogous methods of 
communication were already being employed by animal organisms; a study 
of the electronic circuits employed in the construction of computing 
machines should have given us for the first time a satisfactory working 
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model of the brain. It is difficult for a physicist to accept the view that 
the j)riiiciples of communication based upon applioation.s of electromagne¬ 
tism and electronics, the result of several generations of intelligent human 
effort, could have been evolved in living organisms by (;hance variations 
acted Ui>on by natm’al selection. Consideration of such problems has 
led mo to believe in the possibility of psychic fact(jr being responsible for 
giving directional gene mutations. 

Animals, unlike jilants, have to seek for the-ir food, wliieli may be other 
animals. For this purpose they have developed mechanism for loco¬ 
motion, and percex>tion of external objects, '^fho animal I'ceeives a message 
thr<)ugh one of its receptor organ.s, eye, ear etc., wliich is eonx'eyed as 
excitation along an afferent nei-vc to a nerve ct-ntre, from where an order 
is sent out along efl'e(itor nerves to muscles controlling the appro¬ 
priate muscular organa. The. most idcly developed receptor organ in 
animals is the j)hoti> recei)tor. The object to bo locat(‘d must be either 
self luminous or made A'isible by diffuse reflect.iou of sunlight or artificial 
light. The normal eye fails in its function in the absence of light, during 
the night, in dark caves, in mu<ldy Avaters, or in the dejiths ol the sea. Some 
animals have devek>ped ultcriiatiA^e modes of pereej)tioJi for location of 
objects. 

The sense organs in f he facial pit of blind foldeil crotalids—^ratth? 
snakes, copper heads, and inocc-asins—mediate the ability to strike cor¬ 
rectly at moA'ing obje<*ts siic^h as deatl rats, cloth covered liglit tbulbs, end 
to tlistinguish hetAveen warm and cold objects. Jiadiant energy appears 
to be the efleet<)r stimulus. The eleetiie acti\’it_\' of the receptor organ 
has been siudietl and it is found to be .s])ocially .sensitive to I’adiant heat 
in the region 1 to 10-15/4 with maximum betAveeii 2-3/0 As Avith many other 
reeejAtor organs, the eonneeting affer'ent nor\^e is tra\'<'r.scfl by a. barrage 
of rythmic jnilscs, Avliose form is modified when infrared 7-adiation is inc;idcnt 
on the receptor’. Home fishes em])lt>y detector of pressure waA'^es and 
ripples in Avat(!i', to lo<-ate other sA\imrning fishes. The lateral lines of a 
cat fish is truA'crised by barrage of rythmic pulses Avliieh is modified by 
impact of pi't\«suri; waves receive<l from the. surrounding. Su<^b detector 
mechanism enable the fishes to keep oriented Avhen they move in schools 
(16, p .'506). 

In the above instances the organism is a 2 )assiA’c receptor of message 
sent out from some other sources. There are gi'onps of animals who use 
the princi|>le of echo ranging, first employed fluring the first Avar to detect 
the position of submerged eiioiiiy subiYiarines. F<ir this purj)ose pulses 
of ultrasonic radiations wei'O sent out at regular intei’A^als. In between the 
pulses, the bearn reflcfiied from an object is receiverl by a pair of detectors 
from Avhich the position of the reflecting object coukl be loccilcd. This 
ccliosounding technitiue has been used subsequently 1o measmo the heights 
of tlio reflecting layers in the iono.sphcrc. Foi" this purpose pulses of e.m. 
waves of <lifferent wave lengths are employed 

In the more recent technique of communication, frequency modulated 
pulses are used in which the frequency instead of being kept constant is 
varied between certain limits. The echo sounding technique employing 
very short e.m. waves has been used to locate enemy airplanes. Originally 
anti aircraft guns were directed towards the enemy planes by manual 
operation, after the radar had located it. Later the reflected beam Avas 
used as message to automatically direct the fire of the guns. Here the 
principle of feed back is employed about which I shall speak later. 
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Trisect devouring small bats Myotis, Pipistrcllmi are known to be able 
to fly in complete darkness. Jilind or blindfoklcd bats cati fly normally and 
capture their ])r<* 3 's and they are known to be able to avoid obstacles formed 
by a net w'ork of wares, with great skill Jt was fouml that on closing the 
ears these animsls lo.st their fa<*ulty of avokling obstacles. Jjater it »w'as 
proved tliat the animals emit tln-ough their open mouth pulses of ultra- 
sonit; railiations of coutinuoiisly varying frotiueiicy Iroin 30-120 kilocycle 
per second; the pulse duration ^aries betwi'cii I and 3 in.sec., and the 
number of imjnilses ernittecl pei" si^coiul varied from 20-30 for normally 
flying bats to oO to lilO per see., wliea the animal is flying fast or approach¬ 
ing an ol»staele. Tlie ])ulses sent imt. are what is know’n as frccjueney 
modulated, and lias a maximum intensity at /lO ke./sec. During flight 
these bats turn their heads in all ilirections, like a search light, and thus 
employ the echo ranging tcchnicjue t o lot at e hard obsta(Te.s. All the details 
of the method of location are not well understooil, speeially'^ w'hen the 
animal is so verv near an obstacle, tlnit is rceci\'(‘s the reflectcfl echo at 
the same time; it is emitting sound pulses. One of the explanation offered 
Ls, that the animal adju<lges di.stance by' perception of the difference tone 
between the emitted and reHectee<l beam, a kind of heterodyne reception. 

Mohres^"* describes another family of echo r;inging bats, widely separat¬ 
ed from the Mikrorhiropidaf (var. VcrspeHilionidae) nanie<l P/tinoIojdiidae. 
Round the nose of this animal., there is a cone like attachimMit made of 
skin, whose opening can be \ arierl by muscular adjustment. Tn this ty^ie 
of bats the ultrasonic wav<‘s are emitted through the pair of nasal holes 
with the mouth shut. niit> souml pulses an* umlamped and monochromatic, 
of frequency which varies between 80-l(><) kc.'s ac<!ording to the fliflerent 
ty'pes of animals, ami are emitted for IKMOO in^see. 'Jiie variabh* eone 
like opening as well the interference between the sound waives emiitted 
through th<* pair of nasal openings, .separated by half a wave length dis¬ 
tance. help to fot us the monochromatic souml beam along the median 
direction x>erpcndicular to the na.sal opening. The heai! is rotated through 
a cone of 120° opening, and obstjicle location is evidently not bassed on 
the echoranging j)rinoiple. 


♦Somo rofefit observations of \V. X. mik[ llobort Kolilt'i’ nmtio on t-aptivo 

pirpoises kopt in tbo Orf'fXnotrrnpbit* lnstitub^ Fkirithi, sliow (hat tho.so nnijiuils cmi 
hear soiind of frerpioii'ues njito 50 kt-s. I’lio authors infer tliat like bats 

rK>t ojils lio»ir but nlso ultra.-iOiiit-’ iMtUutions unO u.sit u,n I'rlio lo<*atit n tcrhiiiqur 

to locate otijocts, iiK'lntiinK prti> s Oiiiin^ nij:rht or wiieii Mibiiiorgod in niutlflv waters. 
(Seknico, 5-0-52 p. 250). 

Electric ortjan ami Radar mechanism. —I have in a previous section (ante 
p. 10) described how in electric fishes fho electric organs consist ing of columns 
of electtroplaxc.s, each containing upto 400, hav'e developed from degenera¬ 
tion of muscles. Tn the eh'ctric eel with lengths uyito seven feet, the guts 
are crowded into the first fifth of its length, leaving the remaining four fifths 
filled almost entirely hy a jelly like ele(*troplaxes. When stimulated by 
nerve impulses from the brains, all the plaxcs are ilischarged in series simul¬ 
taneously. To compensate for the time lag which the nerve impulses 
from the brain may take to roach the top and bottom layers of the electro- 
plaxe.s, the short nerve lengths are provided with delay devices, probably 
in the spinal chord, which compensates almost exactly the differences in 
nervous conduction times. Tn the electric eel, only the tail muscle have 
been converted into electric organ. In the Torpedo, one of the muscles 
which normally move the gills, has been adapted for this purpose. Another 
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electric fish, popularly known as theStargazer, has its electric organ developed 
from the eye muscle, while in the electric cat fish of the Nile, the electric 
organ did not start from a muscle at all, but de\’cloped frojn glands on the 
gkin*^*>. A better example of analogous evolution of the same functional 
organ in unrelated species of fishes, in response to a particular environmental 
situation could hardly be found. That some of these electric fishes could 
send out continuous beam of electric pulses w'as described by H. N. Liss- 
mann^^’"**. The hind end of the fish Gymnarchvs niloticus, and particularly 
the finger like tail are known to contain tissues corresponding to an elec¬ 
tric organ. Probably the electric organs in other fislics like the electric eel 
{Gymnotus), tlie Torpedo or the electric ray may have developed from 
similar electric pulse emitting organs as in Oytmiarchus. The pulse frequ- 
quency vary between 215 to 318 jmlses pf-r second, at lempeT’atures betw'cen 
21°—31.5°C, probably they are of the nature of relaxation oscillations. 
The fish can tletect the pulses emitted by it and reflected from metallic 
obstacles, as well as pulses emitted by other sfjurces of similar range of 
frequency. The fishes could steer t?xtraordiuarily well when going back¬ 
wards, evidently without seeing Avhere it was going. Lissmann has found 
that other fishes like Mormyrops boulemjers and Gyinvotus carapo, agree 
will in all essential features with Gy-tnnarchns niloticus though there is 
a marked difference in pulse shjxjies and frequencies. 

Feedback principle —'rhe mechanism by which these ^inimals locate 
objects, is one of the innumerable aj.)plications of the principle of feed back 
control of the activities of animals and of mac*hines, either for the purpose 
of maintaining the slatus quo or for guiding the performance of such orga¬ 
nisms towards some defined objectives. Any deviation of the present 
activity of the organism either from a status quo or from approach towards 
a defined objective, is fe<l back as information by a receptt)r mechanism 
to the controlling agency, (ialling forth ap^jrojn’iate reactions which opposes 
such deviation—alienee the name negative feetl back. T cite some examples. 

A thermostatic relay is employed to kcej) the temperature of a bath 
constant within certain prescribed limits; this is <lone by controlling the 
supply of heat to the bath, such that with rising temperature the heat 
supply is reduced and vice versa. The rotating governors in a steam 
engine control the supply of steam from the boiler to the moving parts, 
by cutting off steam when the machine is going too fust. The speed of 
the engine is thus kept constant under varying loads. Iji a radio circuit 
variations in the output duo to fluctuations in the imput signals, is stabi¬ 
lized by automatic volume controls. Regulators based upon feed back 
principle are being increasingly used in many industrial processes. 

Complex biological organisms can maintain a nearly constant internal 
enviomment in face of an external environment which change all the time, 
often suddenly and unprodiotably. Human beings would die quickly 
if it wore not for such characteristics as the intricate thermostat that keeps 
the body within one or two degrees of its normal temperature. Blood 
pressure, acid-alkaline ratios, sugar levels in muscle and liver—^these and 
many other factors are regulated within definite limits to maintain health. 
Distributed all over the body, both on the surface and inside, are receptor 
organs which are continuously sending messages to the controlling centers 
in the brain, and when any deviation from the normal state occurs appro¬ 
priate remedial reactions are set in operation. 

Other set of feed backs refer to our postural and voluntary efforts. 
As I am sitting on a chair and writing, my sitting posture is maintained 

6 
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by a sei’ies of reflexes, bti-se*! upon messages from what are called stretch 
receptors attached to muscles controlling posture. Voluntary action is 
often bas<xl upon messages received from outside. A thirsty person sees 
a glass of water plae<Hl on a table. It releases in him a set of muscular 
activities whose aim is to lift the glass of water from the table and place 
it to the lips. The eyes <fonfinually gauges the distance between the hand 
an<l the tahh* Idle information is telegraphed to the brain, which xjasses 
orders to the arm, baud, and wrist muscles. The first part of the process 
is completed wlien the hand has touched the glass, liaising the glass to 
the li]>s calls forth a similar cycle of muscular a<*.tivitie.s, based on informa¬ 
tion ,sUT)plied by the e\'c. The- controlling factor in .such cases is the degree 
ill which the act is not comyileted. 8ome time it happens that effector 
mechanism which the negativ(f feed back activates, has a lagging character¬ 
istic; a compensating arrangement is then jirovided which is of the nature 
of an anticijiator or pedictor. When a sports-man goes out duckshooting, 
the error be tries t o minimize is not the position of the gun and the actual 
po.sition of the target, but with the anticipated position c*f the latter. Every 
sy.steni of adt i i ircr.ift fire control, has a predictor mechanism to com¬ 
pensate for similar lag effect in tlui aiming of the guns. 

Mechanical, /ymb? -Computer niaisliines basetl upon electron relay 
circuits are eni})loyed for fast comiiuiation and they perform thcii’ operations 
in an analogous w.iy to the human brain. All the data (inforuiation)aro 
inserted at the beginning of the operation. 'J'he electron tubes employed 
have a remarkable similarity tf) the human brain ruu ve cells. The machine 
remembers, chooses between all ernativ'cs, checks their own results, and 
perform so many' human operations that in describing them, free use is 
made»of human terms like memory, juflgrnenl. The fundament;d chara¬ 
cterisation shared by^ brain unfl computers are, that they are both devices 
for receiving informations and u.se tliem to achiev{^ residts and solve jjroblems. 

Compared to the bj’ain with its 10 billion nerve cells, the calculating 
mai-hiiie is bulky, using in the Eniac about 18000 tubes which dissipate 
several kilow'atts of {)ower. Such machines can do arithmetic faster and 
more accui’ately than ]>eople, they^ can make elementary judgments, learn 
in a fashion, remember thousands of numbers and instructions, and forget 
by simple opening of a switch. They solve the problems men invent, but 
cannot frame ne-v theories or tell people how to build apparatus to check 
them. 

Body and Mind —The living organism has in the higher evolutionary 
stage evolved an integrating nerv’^ous mechanism which it uses to main¬ 
tain its internal environment at some desired level, as w'ell as to react 
purposively to some changes in the external environment. These activities 
have been imitated in a large measure in servomachines, in radars, and in 
electronic computers. Thus both the metabolic activities as well as those 
responsible for control and communic;ation in the organism can be described 
in terms of laws of physics and chemistry’^. On this plane of activity, the 
organism is an energy system whose activities take place in space and 
time. 

Side by side with the growth in complexity in the nervous organisa¬ 
tion which integrates the motor activity of the organism, mind, recogniz¬ 
able mind, appears to have arisen. What was this mind at the begiiming, 
germinating in the primitive animals as appurtenance to raotricity? 
Natural selection had brought it; it had some survival value. Prom it as 
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common germ, has sprung several types of mental experiences, affect (feeling), 
conation (will), cognition (intellect). What is the relation betAveen the 
physical and the mental aspects of human bebavioxir? In the same cerebral 
process, on the one side electrical brain potentials with thermal and chemi¬ 
cal action, compose the physiological entity held tog<;thcr by energy rela¬ 
tions, on the other side, suite of mental exp<‘rien<-cs, activity no tloubt but 
what if any in relation to energy? There are sugge.stions for redefining 
energy so as to bring mind into it. Tint this according to Sherrington is 
not possible (20). The pxizzle apyxears to bo not unlike that in the interpreta¬ 
tion of the dual aspect of the bcliavioxir of plu^ton, as well as of matter 
generally, viz., the necessity of descTibing them both as piirticles as well 
as waves. To overcome this difficulty Bohr formulated his principle 
of complementarity viz., the complete description of a ‘photon’ or of a 
material particle, is not possible cither from the wave aspect or from the 
particle aspect; but they complement exich ether. Similarly the de.s'erip- 
tion of the aetivity of a human being, of whieh only we have a first hand 
experienee, will not bo oomjxk'te if considered only as an can^rgy system 
whose activities can be described in space and time, or .“imply in terms of 
insensible, i.c., not directly perceptible to tlie .senses, nnextended mind. 
The mind aspect as well as the energy aspect of the organism can interact 
with one another, so that its motor behaviour can be duo cither tc an extrm- 
sic catise i.e., dependent on messages received through the sense organ or 
to an intrinsic one i.e., the activity is initiated by some mental state of the 
organism. 

Mind as a factor in Evolution —What has been the role of mental pro¬ 
cesses in biological evolution? According to Huxley “Gene mechanism 
can not by its nature directly transmit cxperioncx? or knoAxledge acquired 
by the individual organism or the effect of the cnA’ironmv^nt on the organism. 
It can indeed transmit no mental f^xpe^ienc(^ but only th<; cai)a<*ity for haA’ing 
a certain kind of experience, including in certain animals the capacity for 
learning by experience. It is a purely material mechanism and cannot 
be operated or transformed except by the difficult and often wasteful 
material process of selection, natural or artificial’’^*”''*. With the gradxial 
evolution of the higher vertebratc.s, mind instead of being a mere ‘appur¬ 
tenance to motricity* began to exert a directiA’e influence on the behaviour 
of organisms. We speak of intelligent bebaA'ionr, when there is evidence 
of the organi.sm understanding a new situation, and has as well the capacity 
to vary known methods to ajxprehend a neAv desirable objective. In higher 
vertebrates also, there is some sort of training or education of the offsprings 
by the parents. But it only bridges the gap between one generation and 
the next, so that its effect is not cumulative, and there is nothing we can 
call an organ of experience, common to the entire species. The mental 
functions of life were brought in to being by natural .selection and trans¬ 
mitted indirectly by the vehicles of gene complex. “Before the human 
level, mental functions and activities have not succeeded in invading the 
evolutionary process itself”. 

In man, development of the techniques of communication by means 
of speech and Avriting has made possible a new method of transmission of 
experience, not only between individuals of the same generation, but 
between succeeding generations. Thus according to J. Huxley do*) was brought 
into being a new genetics—^the genetics of the human society—cresting 
upon a mental or psychological basis of socially transmissible ideas, 
emotions, or attitudes. One field of human actxArity where deliberate 
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attention has been given to the ieclinie.al problem of how to acquire, trans¬ 
mit and aeeuinulate experience—the field of natural science—the advance¬ 
ment has bceii most extraordinary. In the sphere of social genetics, the 
creative factor, the agency for prodiutton of nt>velty, has been solely ^le 
contribution by the mental faculties of man. 

The recognizable mind we know of is a product of evolution, and appeal's 
at a cei'tain stage when the organism had achieved nervous integration. 
To explain f his appearance, we have to assume with Huxley, that the world 
stuff possesses not only material properties, but also rudimentery poten¬ 
tialities of mental properties. The question then arises, whether we have 
to restrict the activity of the mind stuff in the creation of novelty hi social 
genetics only, after the organism has attained a certain technique of com¬ 
munication. To many biologists it appears iinreasonablo to rule out the 
possibility, of the psyche exercising some influence in the s]>liere of biologi¬ 
cal genetics viz., by influencing gene miitation, the biological mechanism 
for introducing nov'elty in organisms (ante p. 19). This stand point has 
been a^lvocated specially by Liillic, with which 1 myself with my limited 
knowledge of biology, am inclined to concur. 

How does J. C. Hose’s conclusions quoted in the bcghining lit in with 
the picture of the relation between (ante p. 1) the non-living and the living 
1 have sketche<l, and which is liased upon investigations extending over 
the last fifty years. So long as the living organism is considered only 
as an energy system, his conclusif>ns, though based on very limited data, 
still remain astonishingly valifl. It was an intuition or inspired guess, and 
was possible in the pantheisfic tra<lition of his country. On Ihe other hand 
the fnontal activities of the higher organisms, affect, conation, and cognition, 
escape his conclusions. 


Rkfkrbnoes 

1. vVstbiii-y, W. T. aii<l VV'oibull, (J. Nature, 163, 2S0, 1949. 

2. Blum, Harold, K. Time’s Aitow and Evolution. 1951. 

3. IBojiuer, Jarrios. Plant Biocliornistry, 19f»0. 

4a. Bose, i). M. J. C. Bose’s Plant Pbyf'ii>l«>pk‘al Investigations etc. Transactions 
Boso Institute, 18. 1948-48. 

4b. Bose, H. M. Moehanism of Contraction in Living Tissues. Science and Culture, 
16, 558, 1951. 

5a. Bose. .T. G. Responses in the Living and tho Non-living 1902. 

6b. Bose, J. C. Gfller-to*! Physioal Pa 7 Jers 1922, j). 269. 

6c. Bose, J, C. Unity of Life, Presidential A<ldre8s, Indtwi Science Congress, 1927. 

6. Bose Institute Annual Report, 1951-52; p. 46. 

7. Bullock, T. H. and Cowles, R. B. Physiology of Infrared Receptor, Science, 116, 

641. 1961. 

8. Burns. J. A Uiscussion on Lccal Hormones. Proo. Roy. Soc., B., 167, 281, 1960. 

9. Green, D. E. The Mitochondria S.vstem. Sience, p. 3, 26, 1962. 

10a. Huxley, .Tulian. Evolution and Human Destiny. Genetics in the 20th Century, 
1960, p. 691. 

lOb. Huxley, Julian. How Natural Selection Works. LJstner, 46, 077, 1961. 

11. Keynes, Richard. The Electric Eel. Discovery, 13, 172, 1962. 



General Presidential Address 


27 


12. Lillie, 11. A. General Physiology and Philrsophy of Organism, 1946. 

13. Mather, Kenneth. Progress and Prosjxx^t of BiometriL-al Gomlics. GenotioB 

in the 2()th Century 1950, p. 111. 

14. Mohros, F. P. Die Ultrasfhall-Oriejxtiorung der Fledormaiise, Naturwiss. 39, 

273, 1962. 

15. Lissmann, H. N. Continuous Klcctrical Signals from the Tail of a Fish etc.. 

Nature, 167, 201, 1051. 

16. I’aatin, C, F. A. Organic Design; Advancement of Scionco 8 (1051). I.3.S. 

17. Pilkington, Roger. Letter, Listner, 46, 705, 2951. 

18. Prosser, P. L. Comparative Animal Physiology, 1950. 

19. Spencer .Tones, H. The (continuous Creation of Matter; Listner, 48, 98, 1951, 

20. Sherrington, C. Man on his Nature 1940. 

21. WeizHackor, C. F.von. The History of Nature, 1951. 

22. Whittaker, F. Fddingt m‘’s Pritu iplo in the PJiilosophy of Science, 1952. 

23. Wiener, N. Cyhometics 1948. 

24. \V5>od, .Jones, Fro<leric. Finbryonic Neofis and tlicii* Sati^fiudio?!. Scicn<*e and 

Culture, 17, 512, 1952. 




40th INDIAN SCIENCE CONGRESS, LUCKNOW, 1953 


SECTION OF MATHEMATICS 

President: V. V. Nareikar 


Presidential Address 

FROM GENERAL RELATIVITY TO A UNIFIED 

FIELD THEORY 

1. Introduction 

After a succession of brilliant attempts following bis affine field theory of 
1923 "Einstein arrived, in 1950, at a generalization of the relativisitic theory 
of gravitation which appeared to him “highly convincing’. It was deve¬ 
loped on the lines of his paper published in 1945 the results of which were 
subsequently modified by his w ork in collaboi’ation with E. G. Straus (1946). 
An exposition of the theory as it stood then was given by Einstein in 1948. 
The implications of this theoi’y were examined by Narlikar an<l Ramji Tiwari 
(1949 a, b and c) who showed that there was no interaction between the gravi¬ 
tational field and the electromagnetics (ield up to the second order of approxi¬ 
mations and who also carried on the calculations up to the third order to 
establish the Maxwell equations as modified by the gravitational field of 
the sun. This was followed by a fresh revision of the fiehl equations 
(Einstein 1950). 

As yet the theory has solved no physical problem and the question 
naturally arises whether a generalized field theory of this kind can ever 
enter effectively into theoretical physics. Einstein’s approach clashes 
with Bohr’s principle of complementarity and runs counter to the conception 
of physical reality according to the philosophy of quantum mechanics. It 
is not possible to envisage atjthis juncture what mathematical methods will 
be ultimately useful in bringing under the sway of one theory the far-flung 
domains of gravitational, electromagnetic and quantum phenomena. There 
are potentialities in the mathematical methods of the fieki theory which w^e 
may not ignore and an attempt is therefore made here to pass under review 
some of the mathematical problems of the field theory of macroscopic phy¬ 
sics, although its measure of success is far from satisfactory. 

2. What Is a Field ? 

The Newtonian law of gravitation is characterized by action at a 
distance. The action is moreover instantaneous and how it occurs is a 
mystery. Newton had no hy^potheses to frame regarding the instantaneous 
propagation of action at a distance. One can use the principle of sufficient 
reason and argue as Birkhoff (1950) has done to deduce the inverse square 
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law of attraction. In the case of an isolated mass particle the force per 
unit mass is derivable from a potential function 

Ajr+B, (2.1) 

where A and B are constants and r is measured from the position of the mass 
particle. Now this function is the; only solution of spherical symmetry of 
the simplest rotation-invariant difl’erential equation 

. ( 2 . 2 ) 

Heroin Einstein pot the first eluc that “this function was to be considered as 
determined by a law of space?’’. Any such explantion Avas aesthetically satis¬ 
fying inasmuch as it revealed why Nature preferred the inverse square law 
to any other. It paved the way for the field theory. “The transition from 
particle ph^/sics to field physics is untloubtedly one of the greatest, and as 
Einstein believes, the greatest stop accomplished in the*historyl of human 
thought” (Infeld 1941). In the earlier, mechanistic theory 7of Newton 
things happen only at particles. In the field theory things happen every¬ 
where else except at particles. “To use Hilbert’s term the description of the 
worltl according to the field theory consists of the here-thns relations—^the 
hero being repre.sentcd by the space-time coordinates, the thus by the state 
quantities. If the latter are given as funct ions of the former the world is 
completely known” (Weyl 1949i). Maxwell’s electromagnetic theory is the 
first such model of the field theory—a model Avith its own imperfections. 

It is interesting to find from the history of mathematics that one 
and the same idea, viz., T^eibniz’s continuity princ plc M'^as responsible for the 
development of field physics on one han<l and that of differential geometry 
on the other. “Only in the infinitely small may we expect to encounter the 
elementary and uniform laws, hence the Avorld must be comprehended 
through its behaviour in the infinitely small” (Weyl 1949n). Thus the field 
physics of general relativity and Riernannian geometry may be looked upon 
as mathematical tAvins. It is well-known that both Riemann and Clifford 
anticipated in their speculations the twentieth century geometrization of 
gravitational physics. 

An n-dimensional affine space is given by the coordinates x* subject 
to the transformations of the affine group 


(2.3) 

where Het {Ai‘)^0 k, . i^A) 

All such coordinate ^sterns are the allowable coordinate systems of the 
coefficients A^ and or being constant. We can similarly define an w-di- 
mensional manifold X„ of points each of which is given by the coordinates 
or I'* the only restrictions on the transformation in the region of validity 
being that are analytic functions of with 

Det (A/)ss-r>et | | (2.6) 

being non-zero at each point in the region. Thus the coordinate systems of 
are connected by the more general group of invertible analytic transfor¬ 
mations while the coordinate systems of E constitute the affin e group of 
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linear traneformtions in n variables- At each point P (^*) of it is pos¬ 
sible to have a local the transformations of allowable coordinate systems 
being characterized by the constants 



( 2 . 6 ) 


A geometrical object <p is said to be defined at the point P in X^ provided it 
has the same number N of components in each of the allowable coordinate 
systems a:*, .r'* etc. of the local B^ and provided further that if are 
the components in the ar^-system and in the a:'*-system each of the 
is linear and homogeneous in the components 0^, is algebrically homogeneous 

in I );> does not. involve the higher derivatives of with respect 

to ^ at P. If the geometrical object 0 is thus defined at each point in a 
region of X^ we have a 0-field in the same region. 

For a scalar field iV^l, for a vector field N=^-n and for a general tensor 
field with r suffixes N=n*'. 

The gravitational potential of the Newtonian theory is a scalar field 
defined in a region of a three dimensional flat space. The vector potential 
of the Maxwell theory provides an illustration of a vector field in flat space 
space-time. In general relativity v'c have a tensor field defined in X^. 

Let us consider a geometrical object, say, a contravariant vector given 
by 

(2.7) 

at a point. P(i^) in X^^. Tn the local B^ at P we can represent it by 






), 


( 2 . 8 ) 


The same geometrical 
Q((' + di') in A'„ by 


object is represented at a neighbouring point 
t;* = 4- di^). (2.9) 


In the local B^ at Q we have 



( 2 . 10 ) 


Since the constants of transformation of the allowable coordinates at P 
s.nd Q are different the functional forms at P and Q of the same gemetrical 
object differ. If X^ were B^ we would have found 

( 2 . 11 ) 

The differeno between X^ and En is brought out by the assumption that 
we make of 




( 2 . 12 ) 
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One may as well assume that for an arbitrary contravariant vector field 


where Tji‘, A^*, fiji and define the structure of A still more general 

relation can be introducted as has been done by Kbnig (1920). In the 
physical field theories that have? been seriously considered so far the simpler 
relation is adopted, viz.. 

d^^ (2 14) 


involving only tho affinity We have liere in the affinity a new type 

of geometrical object dillering ft>)m the ^-object considered above inas 
much as the laws of transformation in the local involve also the deriva¬ 


tives of 


dii 


at P. 


As suggested bv the above analysis we have the covariant derivative 
of iJ* : 


(2.15) 


We can similarly have the covariaiit derivatives of other geometrical objects 


such as a scalar ^/r, a covariant vector D^. 

and a tensor 

,... Thus 

► 

A t - 

V,t ■ 


(2.16) 

Bk-,l 



(2.17) 


d 

?e 




+ TViWV.: 

:::: h t'x::::: 

k 

... 1 trP 


- T 


:: ri"+. 


( 2 . 18 ) 

By oovariant differentiations of typo geometrical objects we generate 
other ^—type objects and the field equations of physics are partial differ¬ 
ential equations which usually signify that some geometrical object in a 
region in vanishes^ 

Although the field laws describe how the local happenings in a local 
at P are mutually correlated the influence of the whole of with its special 
geometrical structure is not altogether absent. It enters surreptitiously 
through the choice of the partial differential equations of the field. The 
latter are deduced by a variational principle applied to the integral of a 
world function taken all over X„. “The true significance of variational 
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principJeiS in special casi^s remains exlrenu*ly obsonre. Ff>r example, an 
arbitrary set of ordinai-y differential equations is readily given variational 
form in a limited part of the domain of the variables. It is only the fact 
that there is a single exj>licit v^ariational form available in the entire domain 
of the indepemlent variables that is really signifitiant. I’ossibily this inter¬ 
esting situation indicates that the l)asic importance i>f the variational princi¬ 
ples will be found to bo topological " (Kirkhoff 1114.3). 

At the close of the last eentnry the success t>f tins field concept in 
physics was an established fact mainly through t he researches of Faradjxy. 
JCelvin and iVlaxwell. Hamilt<jn’s princijde whi<‘h could bo nse<l so success¬ 
fully in machanics v\as an instrument of res(*arcli ev(‘n in the electromagnetic 
theory. There ^vas no satisfac.tory explanation of action at a flistancc. 
The stage was .set for making attempts first to estahli.sh gravitation as a 
purely field theory and next to unify gravilaticnial and electromagnetic 
theories in one generalized fieli! tlu'ory. 3''l»e task of fnlfilling this programme 
in nat'Ui'al philosojiljy was taken no hy Finstein. Jbd even hef[*i'e he had 
begun it Flaiiek’s fjuanluin action v as on the scene in IDDO. 

.3. fiENfOllAI. IlKnA'J'l\JTV AS \ f'lKJ.O TlIEORV 

It is said that in sfjccial relativity ue are aluays at c — the velocity 
of light -whereas in general relativity we are always at .sea. The I^ewtoniiin 
dynamics .still works a.s a firsl. approximation to the fat't.s of nature although 
Newton admitted in all hnnrility that he \\a.s jvist toying with a smtroth 
pebble or a pretty shell while th(! great o<-ean of truth lay all undiscovered 
befjre him. Let us therefore^ marshall the saliruit facts leadinu to Kinstein's 
problem. 

The Newtoiiiat) theory frostulatcs .a unicjiic inertial frame although 
there is no dynamical criterion to dislingiiish it fr<'in any other space moving 
uniformly w'itli respt'ct to it in some fixed diiectifui. Foi' the group of tran.s- 
formations which .sums up the re.sulting ambiguity both .space intervals and 
time intervals ai*e invariant. The im>st important IV'ature of the thooi’y 
is the law of gravitation, nnet[uulle< I in its raiigt! of success and yet philosophi¬ 
cally’^ so iin.sati.sfaclory on account of the in.stanlaneous ja’opagatioii of gi’a- 
vitational action at a distance. I’he di.scfncry of a finite velocity of tight 
in 1675 by' Ibirner followed by the discovery of light as an electromagnetic 
phenomenon and of the atom as governed by electromagnetic laws led to 
the conjecture that the physical universe is of electromagnetic origin. The 
Newtonian theory obviously required a correction for the infinite velocitj'^ of 
propagation of the gravitational force. 

Tn the special theory of relativity there is an infinity nf inertial frames 
mutually coimeetcd by Lorentz transformations. The vcJocit,^' of light 
is c in each frame as required by the Michelson—-Morley exj)erimetit aiul 
the “separation” A-S’ of tw'O events P (a*, ?/, 2 , /) and Aa;, y-\ Ay, z-\-Az, 

t-{-At) as given by 

(A6r)2=c=*(A/)=-(A.r)2-(Ay)=‘-(A2)^ (3.1) 

ill the usual notation, is invariant. Lorentz referred to AS as local time. 
The theory explains how the inertia of a particle increases with speed and 
establishes the equivalence of energy E and mass M through 


B4 


E=^Mc^. 


(3.2) 
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Jt gives a unified treatment of eleetric aiul magnetic riel<J,s allowing bow either 
field may he zero in one inertial coordinate system and jjon-zero in an<}tlier. 
The Maxwell equations which had a|>peart‘d so artificial i«i sti'iicture in their 
original form could be recast as simple tensor equations when their invariance 
with respect to the Lorentz group became known, 

• 

According to general rchilivity a flat space-time with its infinity of iner¬ 
tial frames implies abscjice of gravitation. When the events of a situation 
can be described as the points of an governed by a Hienianiiian inetiic 




(:i.n) 


of rank four and signalui'c l wo wo have a gravitational field. Tt is not yio.s- 
siblo by any uon-singulor Gaussian trausformal ion to reduce the metric 
w’ith its ten potential functions q,n, to the form 

c‘W dx- -dy^-dz\ (3.5) 


Thus a gravitational situation can be described only in the sett ing of a (‘urved 
space-time, Aecfirding to Galileii’s experiment wluui bodies of tlifferent 
masses are flroppefl from the .same high spot tho,^' reach the eaith at the same 
time. This is a ease of uniform gravitational fiekl which can bti trcansfornuTl 
away. M^611or (1052) calls such gi'avitational fu'lds nt>ii-p(‘)‘tuauent and dis¬ 
tinguishes them from the permanent ones with a curved space-time. But 
even in a ]>crmaucnt gravitational field it is jiossible to u.sti r(*al cjuasi-coordi- 
nates and express in the local at any point I* the metric as 


d6--^cMT-—dX^ d ^-dZ\ 


(3.0) 


The principle of general relativity requires that all fundamental laws 
of nature be expressilile by equations covariant undc'r the general group 
of non-singular Gaussian transformations. This group includes the group 
of Ijorentz transformations. The tensor eipiatioiis fulfil the rc(|uiroinents 
of the principle of general relativity. 

By the principle of cquivalance the motion of test particles and of light 
rays is given by identical laws whether the space-time is flat or curved. 
Light rays trace null geodesics and the test particles non-null geodesics. 
It is w'ell-knowm that the metric potentials , 7 ,,,, become completely known 
through the projective and conformal j)i‘operties of the metric space. The 
motions of test particles provide the necessary knowledge of the projective 
properties and the propagation of light yields the rest of the information. 
The cquivalance principle is also supposed to mean that even in a permanent 
gravitational field the field at any point P in ^^4 can he transformed away 
within a neighhourhoofl of first order displacements. This is obvious from 
the construc'tion of the local anrl the theory of geodesic coordinates. All 
laws of natxire can ho expressed at P by means of the quasi coordinates of 
the local in the same from as in special relativity. 

A necessary and sufficient condition for a space-time region to be flat 
is that at every point 




(3.7) 
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where the left-hand side represents the Riemann-ChristofFel cui’vaturo 
tensor. A region of permanent gravitation is one in which 


Ithilf-AII- (3.8) 

Kurther, if it is unoccupied by mailer 

(3.9) 

If (3-10) 

there is saifl to bo a. di.stj'ibution of niiittc'r iti the region as given by the energy 
luonientum tensor T.-, in natural units: 

R,y-hR<j,^ - S/r?’,,. (3.11) 

nhere K R,,<JK (3-12) 


lu view <'S the fourfold .arbilrariues;* of tlu> eooidinate systems only 
si.K out of the ten j/,,,. may be considered free and six of|uations independent 
of the coordifiato syslt'ms are needed to determine thojn. They are provided 
by the lield er£ua(ioiis (3.9) an<l (3.1 !). Aliliougli the, field ecjuations appear 
to be ten in number tiiey are effectively si.x only on account of the identities 

{It‘> iR j (3-13) 

and the conservation laws 

T‘>; , - (3.14) 

The field eipiations (3.i)) and (3.1 1) are the analogues of 

V-'T-O (2.15) 

and - inp. (3.16) 


Laplace’s and Poisson’s equations respe<*f ively of the Ne.wtouiaji theory. 
Oneo we commit ourselves to having a Piemannian metric for the A'l of 
space- time and it is ao<“cpted that th'* field ccpiati^ms vill be partial 
differential ocpiations of the second order for a survey of the possible 

world functions forces us through 


S \ R\/—g d.r'^ i/.r“ d-r^ d.i’* —0, (3.17) 

whore f/-~Dot {g,iv), (3.18) 

to the field equations (3.9) and the identities (3.13). Einstein was never satis¬ 
fied witli the hybrid character of the equation (3.11) ot which he compared 
t he right-hand side to a pillar of straw as distinguished from the left-hand 
side purely a field entity, which he thought Avas a pillar of marble. It was 
a provisional formulation to be rejilacecl by a pure field equation of some 
total field, s.ccounting for forces other than gravitational. 

The equation (3.9) with which Einstein was quite satisfied as a field 
equation makes the metric dependent upon the gravitationaj situation, 
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This is considered ns a serious defect in the loj^i(“al strueturo of relativity by 
Whitehead, Milne, Birkhoff, R,osen and others. The. following quotation 
from Harajas and others (lOtf) reveals t he main irionnd of their criticism: 

“With regard to the first, it should he recalled that the connection bet¬ 
ween matter and geometry,as developed by Fhnstein is purchased at the ex¬ 
pense of giving up a fuiulamental r<*ferciice system. This implies abandon¬ 
ing the description of nature in terms of four fumlamontal independent varic 
ables, <‘sscntially uniipie excejit for the arhitrarincss invoK'od in position 
anfl velocity ol'a singU' point (liorentz grou])). Tii the abandonment of such 
eoorflinates ma\- he disem-ned a suftici<‘nt r<M.''’on for the e:irly exhaustion of 
all observiitional ti'sts of ttu* geiieial lh<‘ory of relativity, and also for t .e 
fundamental diflii-ulty of assigning pliysial moaning to the coordinates 
introduceil in the prol>l<‘nis of this theory. Imloed. almost thirty years of 
intensive n^sean.h have failed to provide anothiM* tost besides the three crueial 

ones, or to ap])ly the th<*ory to other fiehls of yjhysics. l-Cven in 

the sini[)!e ease of Schwarzsrhild s solution of the one-body problem, no 
elear-cuL physical interpret at ion of the Schw.nv.sthild ooordinate.s seems to 
he available.” 

The problem in \Ahich l^lins^cin was iimndiately interested w'as finding 
a solution of the ti(‘ld fMpiat ions (:>.9) free fi’om singularities all over ^^ 4 . The 
lirst nontrivial solution which hi’onght success and pre-st ige to the theory 
W'as 8 e]iwar/.scliild’s metric, viz.. 

-(1 — -/-• {dO- \ sinV; f/^,2) -p I 1 — ) dt^ (;hl9) 

where ta is ini 'rprc'ted as the po^Hive ma^s loiislant of a body at the, origin 
of space coordinates. ft was with the help of this metric, that the close 
quantitative agreement Iiet ween the theory and exjH'riment was demonstrat¬ 
ed so far as tlu; t.ln*ce crucial test.s were concerned. A light ray from a distant 
star gra/iiur the limb ()f the, sun suffcM-s a deflexion of 1 .7o". After an exami¬ 
nation of the exporinicntal <lata l\\'sou and Woolley (1937) say: “The 
conclusion is that, the displacement is at h'asf. as great as 1.75" an<l possibly 
a little greater bnt not more than 2.9'.” The theoretical e.stimate of the 
advance of the perihelion of Mercury is 42.9" jmu- centary w'hich aticounts 
beautifully for the observed discreyiaiicy. Astronomers agree that the red- 
shift in the spectrum of thf^ suu and of the. companion of fc^irius is in satis¬ 
factory agriienumt with Einstein’s prediction. The opinion is still expressed 
in certain (piartoi-s that all the.se verifications are inaccurate (Eouis de Broglie 
IIM9). 

These successes led Earmor (1927) to examine the status of general rela¬ 
tivity in relation to the Newtonian theory anil lie desiTibed the former as 
an auxiliary construct - auxiliary to the latter. General relativity can be 
used unhesitatingly and unambiguously for coinijariiig empirical data with 
the theoretical courterpart. when the latter is independent of coordinate 
systems. Apart tVom its fourfold arbitrariness the metric of general relati¬ 
vity and hence the coordinate system also remain unknown until the field 
equatif>ns are fully solved. No agreement between theory and experiment 
can be satisfactory until it is certain that the same coordinate system 
is use<d in both kinds of work. Objecting to the heterogeneity of space-time 
and its dependence on matter ancl motion in general relativity Whitehead 
(1922) writes; “The structure (of the continuum of evepts) is u^^form because 
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of t lie nocessit^'^ for kno\\ Iodide lhat there be a system of uniform relatedness, 
in terms of which the contingent relations of natural factors can be expressed. 
Otherwise we can know nothing until we know everything.” One has there¬ 
fore to view with some scepticism the successes regardiiig the three crucial 
tests. 

In (3.19) there is a singularity at r—2m. This can be explained away 
as of no consci|uenco if the fr*rmula is taken as valid for r'>^2m.. The field 
equations (3.9) ]>reak (low n as r diminishe.s, even before the value 2m is 
attained. In 1941 Einstein was able to demonstrate the non-existence of 
gravitational fields 'with a non-vanishing total mass free of .singularities. 
A couple of years later Eiii.stein and Pauli (1943) were able to prove the non- 
existonoc of regular stationary s(dutions of relativistic field equations. For 
a generalized theory of gravitation Papapairou (1948) has obtained a similar 
re.snlt. 

Ca,n any physical significance be attached <o otlier solutions of (3.9) with 
one or moro' singidaritic's ? Narlikar and Karmarkar discovered in 1946 
tlie solution: 

- (/y-a ( 2 . 20 ) 

where 7: is an arbils’ary constant and p,q,r arc constants subject to the 
cojiditions 

(/n r- 2, pq \ qr-\-rp=^0. (3.21) 

For this line-clement not only 2'^*' —0 but the pseudo-ten.sor density of 
gravitational energy and momentum also is zeTo everywhere in X„: 

( 3 . 22 ) 

It follcjw'S tlnit if p, q, r are real they must lie between 2 and —2/3. One 
particular case of interest is 

—ii. (3.23) 

1 'herc is a singularity when 

(3.24) 

A solution with t\v(_> apparent singularities which w'as discovered by Sil- 
berstein in 19.36 created <](uile a stir. It seemed that a reason had to be given 
for rejecting the solution according to which there was to be no gravita¬ 
tion between tw'o mass particles or the field equations of general relativity 
had to bo given up as false. Einstein and Posen (1935) write as follows: 

“The quc.stion with which we arc concerned can be put as follows: 
Is an atomistic theory of matter and electricity conceivable which, while 
excluding singularities in the field, makes use of no other field variables than 
those of the gravitational field (g,ip) and those of the electromagnetic field in 
the sense of Maxwell (vector potentials, ^^)?” 

The authors then refer to the singularity in Schwarzschild’s and Reis- 
ner’s solutions and to the difficuty caused by the divergence of the contra- 
variant electrical field density, apparently excluding the existence of electri¬ 
cal particles. Later they observe: 

“For these reasons writers have occasionally noted the possibility that 
material particles might be considered singularities of the field. This 
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point of view, however, we cannot accept at all. For a singularity brings so 
much arbitrai’iuess into the thcorv that it actually nullifies its laws. A 
pretty confirnritioii of this uas im|;>arted in a letter to one of the authors 
by L#. Silbcr’sleiu.'’ 

A closer si-niliiiy of iSiltc'rstcin's solution by Kiiistein and Rosen (1936) 
revealed that there were ooiicealed in it ot.hor singularities in addition to the 
two ein"ulariti<'.s which Avero suppostal to represent two mass particles. 
Tt was pos'^ibh- that if the latter two were endowed with suitable motion the 
addition;!.! .'^iiiguiaritioH surreptitiously j)resont in the solution might dis¬ 
appear. If the licid equations were correct and if no uon-trivial solutions 
free from .singularities existcil it was only proper lo enq\iire if the field equa¬ 
tions did not give the equations of motion as well, through .solution.s of moving 
singuhiritics. Since matter and motion cannot be divorced from eacb other 
it is not satisfactory that matter be given by the field equations and motion 
by the get>dosic postulate. The gravitational cciuations (3.0) are unlike 
Maxwell’s equations non-linear in character. This fact an<i the cxistance 
of the four identities (3.13) Avere used by Finst(“in, Jnfeld .•viul Hoffmann 
(1938) to deduce the C(|uatious of motion of particles as moving siugularitie.s 
from the field equal iojis (3.9) themselves. It was no longer necessary to 
assume the ma.ss of the moving body in a problem of /i bodies lo be negligible. 
General relativity can now give ns the e<iuations of motion of one component 
of a double star about the other. It was v(u ificd 1)3^ Xarlikar (1941) tliat the 
equations of motion thus obta iuetl arc consistent with the geoclcsio postulate. 
Anew and improved version of tlie theoiy of motion was given recently 1 ) 3 ' 
Einstein and Iiifeld (1910). 

One may note in pa.ssing the effect oji the solution of the dynamical 
problem in general relativity on account of the indeterminateness of the 
coord4nate frame. Siqjpose that, the ccpiations are solved and the coordi¬ 
nates of a particle are known as functions of time: 


-ri(^'). 




'/da. 


(3.25) 


The sohition will bti of little u.se foj‘ astronomical purposes on account of the 
heterogeneity and iiideteiininatene.ss of the coordinate system. A meaning 
can be given to the dvnamical .scjliition only in a coordinate sv'stem in which 
an isolated body moves with a uniform velocM'tv’. l^apapotrou (1951?)) has 
examined the coortlinate comlilkms in re.hvlion to the equation of motion. 
He finds it necessary to *lis,solve the connection betwecai tlic metric and gravi¬ 
tation and in his theoiy g,,^ arc meiv gr.iv'itational j>otentials as in Rosen’s 
(1940) theory of gravitation in flat space-time. In the pure fiekl fchcor 3 ;' of 
motion of Eiiist.ein anrl Tnfekl Tfi,, has no place and hence Papapetrou 
(1961a) argues that gravitational forces which are more significant than the 
relativistic forces in the equations of motion and which arise through the 
ohlatenes.s and other a.sy^nimetric features of gravitating bodies are unaccoun¬ 
ted for in their theories. Papapetrou has himself obtained such equations. 
But in doing so ho has gone back to Newton’s inertial frame and he leans 
on the pillar of straw T. Tn this, matter ceases to be space-time curvature. 


4. Tiik Nbbt> oi' A UxiFiET) FiEim Theory 

A perfect field theory gives a representation of moving mass particles free 
of singularities. As general relativity cannot do away with mass point singu¬ 
larities Einstein has conjectured that when the theory is complete with elec¬ 
tromagnetic features one should 6n4 ^ total field, everywhere regular, and 
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providing a more satisfactory represoiitatioix of matter and motion. The 
phenomenon of the gravitational deflexion of light suggests that there may be 
otl»ci- phenomena arising out of an interaction of the electromagnetic and 
gravitational fields. There are speculation.s that there may be a connection 
betv/eon tlie angular momentum of a body and its magnetic moment. 
Clark’s (1950) calculations of the external gravitational and electromagnetic 
fields suppoit tlie Wilson—Blackett (1947) hypothesis. Such interactions 
can be the subject proper of study in a unified field theory of gravitation and 
electromagnetic phenomena. Faraday was of the j)er8uasion that all forces 
of nature are manifestation.s of something more fundamental which would 
feature in a unitary theory. '[I’he existence of variational principles playing 
a fundamental role in different branches of mathematical physios lends 
strength to the belief that sucli a unitary theory is 2 >ossible. For many years 
the chiefest ju'oblem for Einstein has been the construction of a total field 
theory which would be a natural generalization of general relativity. 

The tlieoretical iiiv^estigations on these lines sicer clear of quantum me¬ 
chanics and run counter to tlxc i)rinci[)lo of complementarity. While Einstein 
has been concerned w^iih physical reality in the Jiiacrosoo^^ic domain the 
formulation of the physical problem in the microsofxic domain has taken a 
new turn. For the measurement of two non-compatible physit;al variables 
in quantum mechanics, whicli appear as non-commutative algebraic ele¬ 
ments in the tlicory, mutually exclusive experimental arrangements become 
necessary. The essence of the priiicijflc of complementarity lies in this that 
the exjierimeiital knowledge of partial systems thus acquired cannot, when 
pooled together, ho used to fi>rm a unified complete picture of the whole 
phj'^sical .system. Accoi'ding to Einstein this only shows that the cpiantum 
mechanical forimd.ation of the jjhywioal jiroblem is wrong. He believes that 
the jirogrammatic aim of all physics is “the complete description of any 
(individual) real situation (as it supposedly exists irrespective of any act of 
observation or sxibstanliatioii).” 

On the other hand Eouis do Broglie (1949) remarks: ‘"Moreover, the 
nature of the electromagnetic field is so intimately bound to tlie existence of 
quantum phenomena that any non-quautum unified theory is necessarily 
incomplete. These are problems of redoubtable complexity whose solution 
is still “in the lap of the gods”. Ho points out that the geometrical method 
has succeeded in the case of gravitation because of the equivalence of kine¬ 
matic and gravitational masses. The method breaks down for electro¬ 
dynamics because “cloctromagnatic forces are proi^ortional to the charge, 
and not to the mass of the body upon which they act.” It is well-known 
how Aston made use of this property in hia mass spectrograph. In the me¬ 
thods that are generally used to unify the tw'o fields this difference between 
their characters docs not receive prominent notice. The mathematical 
distinction between the two fields is tliat one is given by a symmetric tensor 
and another by a skew-symmetric tensor. The problem is a mathematical 
one of unifying the two tensors irrcducibly so that solutions of the field 
equations which are everywhere regular describe gravitational and electro- 
magentic phenomena in conformity wdth observation. 

A unified field theory on the lines on which W'eyl, Eddington, Einstein, 
Schrodinger and others have tried to develop it, is considered to be determi¬ 
nistic as against the probability-ridden modern quantum mechanics ac¬ 
cording to which the Powers in charge of the material universe are said to 
be playing dice. The alternative to playing dice as Max Bom (1949) has 
pointed out is solving innumerable differential equations. 
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There is a superficiality about the attempts at urullcatioii made so far. 
As Woyl (1949m) has ob.served ‘"Phe^ rigid rods and I lie clocks by which 
Jilinstein measures the fundamental quantity ds- of his metric theory of the 
gravitational field preserve their length and period in the last instance be¬ 
cause charge c and mass m- of the composing elementary particles are 
preserved.” In the total field to be constructed objects more fun<lamental 
than ffju,. must appear. * 

5. MathicmatjcaTj FnATmiKs or a Non-Linkar Fiei.u 'rnKORY 

We will use in this section the notation of F.G. Bergmann (1910). In 
an with a permissibk^ coordinate system let there be a set of A variables 
(A “l,2,...iV) and let partial derivative ofwith respect to a;'* bo shown 
0 'S The first difficulty in the construction of a unified field theory is 

about the selection of the Ijagrangian function /y. If the Lagrangian equa¬ 
tions are to bo of the second onler C must, bo a function of y^^ anrl yji,,, only. 
If tliere are any terms involving second order derivatives of yx in // their 
contribution in 

S f hdxS dx^ dx^ d.v*, (5.1) 

where the integral i.s taken all over should be y.ovo f>n acc-ount of Green’s 
theorem and Ihe condition that O at the boundary. This is precisely 

what hap^iens in (3.17). The field equations thou take the form 

d-i/y—(d^/’iy),/,_-iiy-4=^0. (5.2) 

In the above and in what follovv's the comma is used fo imlicatc pcirtial dif- 
ferention with respect to the variable or variables indicled by the following 
suffix^ or suffixes. For the change of coordinates 

(5.3) 

we assume the law of transformation for y^^: 



ii 

(5.4) 

For the infinitesimal 

transformation 



x'^-.^x^-\-3x^ 

(5.5) 

we have 

— Vb (^^‘C"), p. 

(5.6) 


'1 


The value of dy_,t^ at x'‘ is 


ys {sx"), p. (b.7) 

The coefficients are a set of constants characteristic of They have 
to satisfy certain relations if the infinitesimal trasforraation law (5.7) is to 
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generate the law of a finite transformation. For this the condition is that 
if and are two infinitesimal operators of the above type as given by 
4 _ 

should also be of the same type. This gh^es 

F ‘h-F^F 1- 8- F% - 8- (5.9) 


It is necessary that the I^agrangian bo such that 


as a result of which 

(5.10) 

SLB^—F% (8 fi. 

(6.11) 

We find that 


Q-~~F 8 x'^ + d^<'>L 

(5.12) 

Since 



(5.13) 

wo have from (5.7) and (5.13), by integration of parts, the four identities 

F% {LMjji)u--\- L^iJa^p. =0. 

(5.14) 

Considering the coefficients of the thi 1 order derivatives of 
(5.14) we get the identities; 

on the left in 

f- -I- F"; L^cpo^ //if -=0. 

(5.15J 

where 

I^CPO ^ f^QAP dCO QCP 

V6.16) 

By the very definition of L,i we have 


i=yj.,i a-'i + y.1. 


=“ Ym («■**/.), h + Ya. ti 

(6.17) 

on using (6.2). Thus 


o 

1! 

(6.18) 

where 

(6.19) 


Here we have expressions for the energy-momentum fluxes and densities. 
B5 
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The equations of motion can be obtained in an ingenious way by the 
method of parametrization as shown by Hergmaiin and Brunnings (1949). 
Four new coordinate functions u^, u^, and I are used as independent vari- 
able.s and and are treated as their functions. The four identities 
(5.14) and the four cquati<>iis (5.18) which are the I-agrangian equations 
corresponding to are used as in general relativity to obtain tlie equatioijB 
of motion by aunce.ssive approximation.^. 

We have sketched above the essential mathematical ste 3>8 in the cons¬ 
truction of a unifietl fichl ihoory. There arc other known patterns of uni¬ 
fied field theories such a.s that of Horvath’s (19.50) theory but we do not follow 
them here. 

The possi hi lilies that have been recently considered by Sehrodinger 
(1947, 194Sa, 19486) for con.structing a non-linear unified field theory are the 
following; 

(1) sixteen f/jj.,, coiui>onents as 5 iV—Hi 
2) sixty-four components as 7/^5 ^ —64- 


(:l) g^^aiid Pi'i, as iV=:80 

At the outset one has to select a suitable Lagrangian. The second ease arises 
in the purely affine theoi-y aiid here, following the cuirly work of Eddington 

(1921), Sehrodinger takes 

^ (5.20) 

/\ 

where Ruv is the Einstein tensoi’: 

f)]"' r)r'' 

1 pp pT _ p cr pp 

~ ^ ‘ (5.21) 

A which appears in (5.20) is a constant. 

[Ldr \ ( 6 . 22 ) 

where dr .slants for the four—<linensional volume element. The tensor 
density 0** is defined by 

- cofaetor of Rt,i 
V -l)et 


[f 

g—Det 

(5.24) 


/V— 

(6.25) 

and 

ffX*— Det 

(6.26) 

we have 

II 

> 

(6.27) 

where 


(5.28) 
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Tho field equations themselves are obtained from the vanishing; of 


8 I LdT= j" {Gfi —Si^ )<yri/ dT=0 


(6.29) 


where 


at'•=ai i-a"*!’!;, i 

From the laws of transfornatit>n it is obvious that F, is a vector, 
star affinity it can be verified that 

3|cTna _ 5|c pfT 

^ /*r ' ^ (// • 

The field equations are 

If l=l=(r we have ~0 
and hence 

u,k^r~gok 

This may also bo expressed as 

Rik,i-Rak *rv=o. 




(5.30) 

(.5.31( 

For the 

(5.33) 

(5.34) 

(5.35) 
(5.26) 

(5.37) 

(5.38) 


As Schrodinger interprets these equations “the Einstein tensor Rf/c is trans¬ 
formed into itself on a certain parallel displacement by the star affinity.” 


If 


(6.39) 

so that 


(6.40) 


fl'v = -» 

(5.41) 

we can 

derive from (5.35) the equation 


- 

»* , 

g , fc^O. 

(6.42) 


The four identities and the ex ^jressions for the energy-momentum fluxes 
and densities follow in this case precisely as in tho general case treated above. 

In a theory like this one has to seek a suitable symmetric tensor of two 
oovariant suffixes for the expression of the gravitational field and a suitable 
skew-symmetric tensor of two covariant suffixes for the expression of the 
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electromagnetic fields. For the gravitational metric wo may have either gi^ 
or s/gi as given by 


Dot g*^=Det S/^i 

(5.43) 

ski 0 ** 

m 

(5.44> 


(6.45) 

we have several skew fields such as 


tZ; ^ 

(Sfik 

(5.46) 


etc. There is no superfluity here of mathematical possibilities because the 
physical problem of a truly unified field has to account for more than the 
gravitational and Maxwell fields. 

The mixed field theory for which the non-symmetric and < 7 *, play 
the role of yj^ and for whieli the field equations follow from the Lagrangian 

O" (5 «) 


is equivalent to the unified field theory of Einstein and Straus (1946). In 
the latest modification of the theory Einstein adopts 

r, -■= 0 (5.48) 

and, therefore, as (5.31) shows, the distinction between the starred and the 
unstarred aflinitics disapjjears. 


Students of gravitational theories have a number of critical observations 
to make about the methods of general relativity and about its postulates 
and hypotheses. The laws of general relativity owe their power to the in¬ 
variance with respect to the Gaussian group of transformations. The policy, 
however, of not committing oneself to a particular frame, which gives so much 
power becomes a source of ambiguity and embarrasment in the solution of 
the w-body problem (Petrova 1949). The propagation of light is marked by 
ds=0 but it invariably takes place in the direction of increasing t. A theo¬ 
retical justification of this has yet to be found out (Wcyl. 1949iv). If a light 
signal starts from A and reaches 13 is it right to say always “B after A”, 
when A and B as world-points in A 4 are arbitrarily separated from each other ? 
Godel (1949) has drawn our attention to this. General relativity does not 
recognise anything like the two time-scales of Milne’s theory nor does it 
provide an explanation of the sign and magnitude of the gravitational cons¬ 
tant y (Milne 1944). It is contended by Milne that the field equations of 
gravitation presuppose a certain structure for the world substratum and that 
it is not therefore correct to use the equations for obtaining the substratum 
structure as is done in relativistic cosmology. The method of differential 
geometry fails to bring out the distrinction between incongruent counter¬ 
parts such as the right hand and the left hand in terms of the relativist's 
(Northrop 1941). W. Sherrer (1949) and several Japanese workers have 
examined the logical difficulty of making the space-time frame contingent 
upon matter and motion. There is the difficulty in classical physics of 
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formulating the equations of motion when there are excessive collision velo¬ 
cities (Birkhoff 1937). The same (liiTlculty arises in general relativity when 
the velocity of disturbance in a fluid is exceeded by the relative velocity 
of collision. Hosts of other questions exist such as that of the equations of 
fit raised by Narlikar and others (1942a and 6). Max Born (1949)who finds 
the physical significance of the line-element “rather mystical” in an 
suggests that the infinitosimal element ds may be replacctl by a finite length 
Although thfiy are all fundamental questions Einstein has set them aside 
and taken in hand the problem of unification of fields because he believes 
that only a unitary theory can effectively replace tlie general relativity solu¬ 
tions ijivolving singularities by solutions of field tpiations which are every- 
where regular. 

The equations of the generalize<l theory must be invariant "w ith respect 
to a grouji in no way narrower than the group of Gaussian transformations. 
If the group is too wide the equations are too general and further criteria 
arc necessary to exclude the solutions which are wi<le of the physical mark. 
Einstein, in his lati'st theory, docs not widen the group luit he chooses a 
non-symmetrical f/,-^-field. Using the notation already introduced for sym¬ 


metric and skew-symmetric quantities we have 

0 fiv (fi'l-) 

v' 

The contrava riant tensor is defined by 

Guv ( 6 - 2 ) 

Similarly the affinity symbols also arc non-syminetric: 

(6.3) 

V 

(6.4) 

V 

There are, thereforofe, two kinds of covariant derivatives: 

U,*. (6.6) 

A*_;f,=A^,^+A- r\, (6.6) 

Af I (6.7) 

4 

r*«. (6.8) 


In the above and in what follows the semi-colon behind a suffix is used as 
usual to denote covariant differentiation. JYom these definitions one has 

r*,* (6.9) 

^i’>k~‘^iyk — ^ik- ( 6 . 10 ) 

0 

Following the variational principle. 

J dT=0, 


( 6 . 11 ) 
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for a mixed theory, where R^i,, is defined for the affinity' 


AV.-r'.,-i (6.12) 

the following field equations ai'c obtained: 

(6d3) 

/=0 (h.14) 

In the earlier version of his theory Einstein had used in stead of (6.13) 
the two equations 

Rfi.^0 (6.16) 

l — (6.17) 

V V • 


of which the former is contained in (6.13). (6.17) is a condition weaker than 


(6.18) 

V 

The electric current density is found to be given by the tensor 


fikUmA-giiml -\-U,nkH’ (6.19) 

V V V 

Narlikar and Ramji Tiwari used the equations (6.14)—(6.17) to obtain 
the interaction between the gravif ational field of an isolated spherical body of 
mass *rn and a field (^) of uniform monochromatic radiation. In the usual 
notation the effect of the gravitational field on the vector potential 
(F, G, H, 0) is given by 


p- F 

1 

-4>k 

/8m' 
\ r j 

L 

|'6.20) 

Q <fi 

\ r 

1 

-■4>r 

/8m’ 
\ r ; 

L-Mri 

(6.21 

a^ii f D (4 

i 

= 4>. 

(7. 

) . 

h2 

(6.22) 

a^<l>—a 4 

') 

/ 44 

o. 



(6.23) 

□2^00 





(6.24) 

bx^ Sy^ 

8z^ 

sa 



^6.26) 


and the suffixes 1, 2, 3, 4 indicate differentiations with respect to a:^, a;®, v?, 
respectively. 

If the electromagnatic field is totally absent the equations (6.16) reduce 
to the contracted Riemann-Christoffel tensor being zero. This is so if is 

treated as the metric tensor. Recently Kursunoglu (1962) has worked out 
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the consequences of adopting s^i as given by (5.45) as the metric tensor. 
Following Schrodinger he has found the mixed energy tensor of general rela¬ 
tivity and he proposes in place of (6.16) and (6.17) equations of the form 

^ik)> (6.26) 

-^(r/9’ y oft 'y ~T •« (6.2> ) 

V V V V V V 

p has the dimeusioxi (length)"^. 

Very little work seems to >)e going on in India on the unified theory. 
In 1938 Shabde gave an exposition of the general fieUl theory of ►Schouten 
and van Dantzig. "Bandyopadhyay (1951) has followed the latest field specu¬ 
lations of Einstein. The Einstein theoiy has yet to prove its physical worth. 
There is no indication so far how this theory can give a fiekl of mass particles 
free of singularities. The postulates of the theory give no aesthetic satisfac¬ 
tion as there is considerable arbitrariness in the formulation (McCrca 1951). 

Solving a matlieinal ical problem is supposed to be like crossing a 
stream. The strategy is to build a temporary bridge. If after tremendous 
efforts one succeeds in building a bridge only to discover that it does not 
span the stream there woulti be frustration and disappointment. 

As one reads Einstein’s Autobiographical Notes published in 1949, 
one is struck by his persistent efforts, lasting over thirty-five years, 
to track the beast of mass-singularity to its lair since its trium¬ 
phant appearance in Schwarzschild’s solution in 1916. The beast was 
set running in 1938 in the formulation of equations of motion of the n- 
body problem by Einstein, Infeld and Hoffmann. In spite of all efforts 
it has not yet left the field theory for good. 'The search for a perfect field 
theory goes on. When the task is as big os that of the unified field theory 
and when crucial facts such as the quantum hjqjothesis ai’e ignored the success 
that is reasonably possible cannot be quick in coming. In the face of all 
odds one may find inspiration in the thought, so well expressed by White- 
head:* “The fact that changes in our material universe can be predicted— 
that they are subject to mathematical law—is the most significant thing about 
it, for mathematical law is a concept of the mind and from the existence of 
mathematical law we infer that our minds have access to something akin 
to themselves that is in or behind the universe” 
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MOLECULAR SPECTRAL THEORIES AND THEIR CON¬ 
TRIBUTIONS TO COSMIC AND COMBUSTION 

PROBLEMS 

T oonKi(l<*r it, a jjriviJcge to have been called upon to pi'cside over 

the Phy.sie,s iSeelion of the liidian Seienco Congress this year. 1 appreciate 
very inneh the honour luy etillcagues have conferred upon me and express 
rny deep gratitufle to all of them. The special fieltl which I represent had 
perhaps no place in this honoxired po.sition for a long time and that jirobably 
may be the reason why the choice has fall«*n upon me. It will be, therefore, 
my endeavour to df) ju.stic€‘ to the subject in fli,“charging the resi>onsibiIity 
plaee*d upon me. 


iKTHfini'OTlON 

In recent yeans various theoretical and practical a.s]:)ccts of molecular 
spectra have «’omc to }>la;\' an increasingly impoi’tant. I'ole in many special 
branches of physics anfl also in t>ther braiic'hes of science, specially chemistry. 
For in-stance, the connection of intensity alternation phenomena of fine 
structure? lines of bauds wi( h nuclear spin values and statistics, has inspired 
greatly the suT)ject of nuclear physics. Kxtension of observations on mole¬ 
cular spectra of the gaseous state of a matrial to its licjuid and solid state leads 
to conclusions about the nature and properties of these States of agregation 
and hance offers some c.lue to the nature of the liquid and the solid state. 
Collision x^rocesse.s involved in excitation have, to some extent, come to be 
interpreted in terms of the spectra of diatomic molecules, thought to be 
momentarily formed as quasi molecules. The knowledge of band spectroscopic 
data can be used to derive thermodynamic quantities like molar heat capacity 
of greater reliability than direct thermal measurements. Such spectral 
observations enable prcdictioii of heat capacity of diatomic gases at high 
temperature.s or of chemically unstable molecules like CH, NH, OH 
which are not aocesible to <lirect thermal measurements. Thermodynamic 
functions derived from band spectra now replace more or less the values 
obtained by older experimental methods. Further, from the measure of 
intensities of band either in vibrational or rotational structure and with the 
help of the tlieoretical or experimental transition probabilities, it is possible 
to derive high temperatures, otherwise not accessible to usual methods. 
As a result of these developments molecular spectra and specially band 
spectroscopic temperature determinations, have in recent years received 

B6 



Proc, 40/7/ Ind. *SV:. : Pari II : Prfxiff^ntial Addre.^sps 


important astropliywcal aii<l gcox>hysioal applications, liecaiisc of these, 
a relatively new and iincrowcJod held of molecMlar asfro 2 )liysics has been 
oj>cned up for study. 

On the chemical side, besides the problems of chemical binding and 
valency, the results of band spectroscopy are being used through the know¬ 
ledge of the existence of free molecular radicals and of the theoretical laws 
governing the absolute intensities of the spectra of such radicrds, to draw 
conclusions about t he luoohanisin of the disappearance or otherwise of t hese 
radicals or to put forth probable elementary chemical reactions in gases. 
From the spec-tral study of various radicals in chemiluminescence resulting 
from ignition processes in flames, certain chain reactions are yiostidated. 
This study has given rise to a definite branch of cotnbvMion fiprctroacopy 
bordcri/ig on chemistry and physics during the course of last few years. The 
elucidation of primary processes of photo-ohemieal reactions in gases is made 
possible through investigations on molecular spectra. .Band spectroscopic 
data are also of great consequence in calculating the equilibria of gaseous 
reactions with accuracy. These are some of the channels along Avhich 
band spectroscopic results are being increasingly directed. 

various phases of developments i/idicatcd above in the applications 
of the subject of molecular spectra cover too wide a scojjo. In iiono of these 
special fiehls, the progress of research can. be said to have reachc<l any w’ay 
near the saturation point. Fn spite of this fact, to indicate even in broad 
w'ay, the recent progress achieved in ajl the special fields would be too am¬ 
bitious a project for an atldress. It is, therefore, proposed to touch only 
those aspects which formed our principal linos of invest igatitm at Bombay 
during the last few years. These I'oJatc to the theoretical and experimental 
transition probabilities in electronic banrl spectra of diatomic molecules, 
and the related topics of temperature determinations with special reference 
tc^ astrophysical problems and combustion mechanism. 

Molecuhu' astrophysics concerns among other things with photometry 
of bands in relation to temperature determinations in the Sun, the stars, 
the inter-stcller space, the planets and the earth’s atmosphere. Such deter¬ 
minations follow from the knowledge of transition probabilities or for that 
matter, of intensity tlistributions among the vibrational st ates of an electro¬ 
nic transition or among individual rotational lines of a given vilirational 
transition. Photometry as a])plied to bands is also of nso in the study of 
molecular abundance in variable stars apart from the atomic abundances. 
Measures of relative intensities of two absorption bands in a star combined 
with the knowledge of their relative transition probabilities enables infor¬ 
mation to be obtained regarding the opacities of the stellar atmosphere at 
two wave lengths. Imjio'-tanco of accurate photometry of laboratory sources 
of astrophysically important molecules like AlO, ZrO, etc. is being felt to 
assign possible temperatures to stellar bodies in which they occur. Further, 
the problem as to how the dissociation processes at /lifiTerent atmospheric 
levels affect the resulting band intensities, <lerives its solution from precise 
photometry of bands. F^ut in problems of experimental spectrophotometry 
great caution has to be used, c-spccially -when it is a question of verifying 
theoretical concepts. 


1. Band Photometrv 

The experimental photometric technique as applied to bands has under¬ 
gone successive refinements since the year 1930.The progress went hand in 
hand with theories in the earlier period, but later made rapid strides with the 
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iiitrodxiction of new devices. The old prtu liee of visual methods and density 
Mackeninga has now given place to (i) x»li<>h>graphie emulsion with proper 
account of its varying sensitivity and calihratif/ii oi I he spectrum in terms of 
standard energy units and (ii) special electrical devices, sucih as photo¬ 
multiplier, The method of spectral photograpliy is the simplest to apply 
and convenient too, for extensive sxjectral regions such as those of electronic 
hand systems. This is specially so hccausc of available wide sensitivity of 
emulsions. However, on account of many band lines to be subjected to 
nieasurement or many bands to be accurately computed for contour areas, 
much labour is involved and erroz's are likely to creep in. The relative ad¬ 
vantages and disaflvantages of photographic technique involving step-slit, 
logarithmic sector, .stei)-v,'edgc or neutral tint-wedge have been described 
iiz a number of standard books or original papers dealing with the subject 
of photometry of hands. The methocts adoptefl by Oi’nstein and others 
of Utrecht 8cliooP, Blliott® Johnson and Tawde^, Tawde aizd Pataiikar* 
and others ® are- now pretty well known in this field. 

There appears to be a trend, of late, towards nsing direct methods involv¬ 
ing the nsc of photo cell in con junction with a sensitive galvanometer and 
current amjzlitying devices, 'riioso are further giving to photo-multi¬ 

plier. The technique of such methofl.s can very well be .studied from 
Forsythe®, Tu.w<le and Unv'.ila,’’” Hickc® and others*®’". Because of its 
rccezit growth, {jhotomull iplier has not been much aiioi)tcd for band photo¬ 
metry, tiiough for lino insensity measurements it is moj'c frequently adopted 
esizecially when low fluxc.s of radiation have to be measmed. 

We shall now^ examine the successive developments on the theoretical 
side, with a view to form some idea of the xwesent jiosition tif tlie subject. 

2. Traxsitjon Pj{t)fiAinn!Tin.s 

(i) Elenic/nPtry Fra ticket Jondon Principle. 

Fz’anck’^ first suggested the mechanism of dissociation of a molecule 
by a photon. With this as basis, and taking belji of jzostulates of old quantum 
theory, Condon'** developed Franck’s ideas quantitatively. He made the 
following fun^lamental assump( iou.s to x**d fortli his theory of transition 
probabiIitio.s; 

(i) that an electronic transition takes place so rapidly and in such a 
manner that the instantaneozis iiitcmuclear distance and nuclear 
kinetic cnei’gy are unchanged; 

(ii) that an electronic transition is most likely to otcur w hen the nuclei 
are in their extreme positions, either of minimum or maximum sepa¬ 
rations. 

With the knowledge of these assumptions and the course of U(r) curves 
for the electronic states involved in the trazisition, the various favoured 
transitions could be predicted. The theory thus indicates only the most pro¬ 
bable transitions and not cho whole range oi possible transitiozis. These 
transitions identified by maximum inteizsities lie along a i>arabolic path in 
the well known (Deslandre’s) double-entry tables. 

Tlie eai’lier attempts to test the elementary Franck-Condon Principle 
more or less with sezni-quantitativc measures of band intensities. 
These data besides confirming the expected parabolic distribution served as 
g. guide in identifying the band systems. Rigorous quantitative estimates 
of band intensities to pzit the principle to test were made by Johnson and 
Tawde* in Cg (Swan) bands, though earlier, Elliott^ measured the /J-bands 
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of BO to vtirify the more advanced aspects of the theories, to which 
roferenee will be made in a later section, '.riie tj-ansition proljabilitics 
arrived at by Johnson and Tawflc \vere found to a.i<rce in a most general 
way with the Condon prcflictions of most probable transitions. There was 
however, some evidence of transition i)robabilities varyinj; witli methods 
of excitation. 

Johnson aiul Ounstaii^'^ later used BcO l)ajida to stiuly the principle 
and came to the same conclusion as Johnson and Tawde. '^l’aA\de'® and 
eollaborators’*pursued work on these aspects by taking C.j, N 2 (TIP), 
CN(violet), AlO, BcO, etc*, undc'r a number cjf varknl conditions of flames, 
arcs, sparks and discharges (."iO cycle, h.f.) and succeeded in shc^wing that 
the Franck-Condon principle was in general obeyed except for a (V*w a.iK»malicis 
characteristic of thci conrlitions of the sources and the molecules. Of the 
sevei*al mo1eculc*s studied, bands provided anomalous feslurcis. Flliott 
and Cameron-”, however, found frcun the intensities in Ng (1 P) that conditions 
of excitation caused no change in ihe distribution. 

Potential enorgg ft(nclinns:'Vi\,\\i\ii that thci results in certain mole¬ 

cules satisfierl Framsk-CVjiKhm principle somewhat better, if Rydberg’s-^ 
form of potential energy relation is usetl insteatl of the usual Morse-'-* expres¬ 
sion. This was the case for X 2 (HP) and some data on (Swan). Johnson 
ami l^unstan^^ later contirmcfl this observation in Th'O bamls. Bately, 
the subject lias been further explored by (lo]>alakrishnan-* in our labora¬ 
tory, M'iiile studying fh (>Swan) bamls and the workability t>f Ifulbort-Hirs- 
chfclder^^ e.xpression in it, in addition to Mor.s(^’s ami Rydberg’s. His 
findings are that- this expression gives a much inferior fit with the cdi served 
intensity locus, though Caydon has maiiitainefl the sup(‘rioi-ity of this expres¬ 
sion in many cases. According to G’opalakrishuan, the <liscrepancy is to be 
traced to the fact that the expression is act ually a corr<M‘lion of the three- 
parameter Morse func*tion by the use f)f two more constants. 'This correc¬ 
tion does not improvj* the fi^rm of tht'- curves in the right <lirection and seems 
to be t<)o much exaggerateil as far as its applicability to the case studied by 
the author is concerned. 

Thus it appears that any theory that attem]}ts to pi-cdict the right 
course of maximum transituuis has neccessarily to take account of the projjer 
function satisfying the nuclear potential energy of a molecule ov'er a given 
electronic state. 

A number of other useful funct ions besides those attempted have been 
proposed by different authors, Tfiinham, Lotmar^^, JManning and Rosen^*, 
Poschl atid Teller®®, Hylleras®”, and Coolidge, James & Vernon^i. Though 
they have been review’ed and compared among themselves by Hulbert 
& Hirschfelder®**, their actual application to specific molecules is not known. 
In all these mathematical expressions, use of derived molecular constants is 
made to obtain the curves. These constants according to R 3 ''dberg®®, are 
subject to the tenability of the assumption that the vibrational energy levels 
can be adequately represented by a single rapidly convergent pow(»r series of 
the usual form in (v-Pi). This is not always the case as sometimes there are 
definite signs of an abrupt change in the rate of convergence, in which case the 
vibrational energy levels have to be represented by even two different power 
,series. Therefore, in order to eliminate crroi-s consequent on using the 
constants of a single power series, it is desirable to use the levels themselves, 
rather than some derived formula for these levels. Rydberg*® & Klein*® 
have developed, in this direction, methods which have been used with success 
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by Rosonbauai^* aiifl by Aliny & Beiler®® to draw potential energy curves. 
Ill i?pile of the advantages claimefl, the methods have their apparent limi- 
tatiojis aiitl have remaiuc<l in disrepute. 

In addition to the normal Condon parabola, presence of subordinate 
parabolas came to light as a n^sult of the investigations of Herzberg®® on 
bands of Pg, Alniy aiul Kinzer®’^ on As^, Jenkins and Rochester-''^ on AgCl 
and Gaydon and Pearsc®" on RbH. They were explained by a more com- 
prehejisive process of vibratiojial eigenfunctions by Gaydon & Pearse, to bo 
tliscussed later. 

(ii) Cotitlon's Wove Mechanical Treatment. 

This qualilativti formulation of elementary Franck-Condon principle 
on the basis of old quantum theory was given a quantitative^ relinement 
through wave-meelianieal treatment by Condon"® himself in a later paper. 
As i>er new quant um mechanics, the intensity of a spectral line is the product 
of electric moment and the \vav«^ functions of the initial and final states, in¬ 
tegration being t-arried over ail co-ordinates of electrons and nuclei. 
Rxtoiulijig this idea to the electron-vibration transition, the n^easure of 
transition ])robal>ility and for that matter, the intensity either in emission 
or absorption, is found to be j)roportional to the square of c)verlap integral 
which is the product of vibrational eigenfunctions of the two states invol¬ 
ved and cxj>resscd as 

j rW/\r)dr ... (1) 

The value of the overlap integral being depejidant upon the form of the po¬ 
tential energy c’urves and their relatives positic^ns, that is .separation of their 
minima in the upper and lower states, some typic*al intensity distributions 
characterised by very optuj, bioad, narrow or single-limbed parabolas 
become apparent. Thus form the wave-mechanical treatment «)f Condon, 
essentially the .same rf'sulls IVdlows as from the elementary concepts of 
Franck-Condon jjrinciple outlined above. 

Roth these theoi'etical concepts viz,, the old quantum theory as well 
as w'ave mechanics bring out only the broad features of intensity distribution 
and allow only qualitative or semi-quantitativ^e tc‘sts to be made as it is 
assumed that the elfects of the intermediate maxima and minima of the osci- 
lator eigenfunctions cancel out. Actually for soivre ivlative position of the 
potential energy curves, there may be unsually large hitensity far away from 
Condon branclies or nnusiially lower intensity close to it. 

(iii) Hutchisson's Theory I. 

Using Condon’s wave-meohanical ideas, Hutchis.son"* gave an analytical 
treatment to evaluate the overlap integral on simple assumptions of (1) 
linear oscillator eigenfunctions and (2) symmetry of molecule. His final 
composite exprossig on for the probability of transition is given l)y 


JP / If 
* V V 


= 1 


^■JO 
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available from moleeiilMv conslni\<s. 


This expr' ssi<jii *.-ao be used lo arj'ive at. niinie?ii-u.l tncji-^ures of ab.'-’orp- 
tion band inlt'iisil Uv; on a relative neale. la eaiissioa it eaa be used to eoai- 
paro bands ot a pro;.;ress;oii oriirinating at a j^iven ?/. 

The first aMempt. at coinpalalioa of transition probabilities by the 
above expression was iiiade by Hutehisson himself in the ease of absorption 
bands of and 1,. Tn general, a good agreement with available ex- 

pcrinienifd ivsnlts v.'s found, lie. tailed to obtain, however, the Sfiine tyj>o of 
agnH'ment bn* ai bari'ls in tb<* f*nly sy.stem studied by him, viz,, the 

3''J3—>2^g Iran^it’on oi’ 11,. flc has. however, indicateil that tlio degree 
of disagree men! fotnul at ((tl) and (2,1) baiuls is rediieed if the calculated 
transitioji j:)robabili(ies for those bands are substituted I’cspectivcly by that 
of (l.O) band ami (1,2) band. 

Elliott" made aeenrate intensity niensun'inents in //-bands of BO 
and later n>ed these results to verify transition probabilitie.s by applying 
Hutohiason's theoiy T. But his rigorous test of the theory was, however, 
on the a-system of tii<^ sam-* molecule in whieh the experimental data, was 
obtained by two nK'1ii<.nis, n.sing in one a lamp ealibratcd by a thermopile 
and in the other', an optical jryTorncter. The values in both the eases though 
differing from each otlier, w'c*re related bA'^ a constant factor and thus could 
be express'^d on a common relative scale. These Avhen compared with cal- 
culation-s hy assuming harmonic oscillalor gave a<greement with experimental 
results over v" progression corresponding to only v'—O and 1. For progres¬ 
sions of higher v', there w'as considerable disagreement. Similarly in the 
//-bands of BO, Elliott found al.so te.lei'able agreement between theoretical 
and experimental transition probabilities, in spite of the partial nature of 
the system available Avi/'hin the spectral region investigated. 

Almo.st sinndtane'^)usly, I^rico^® computed theoretical transition probabi¬ 
lities of some band system of hydrogen using Hutchissons’ theory I by mak¬ 
ing a number of varialions iu it. He found f>nly a rough agreement of ex¬ 
perimental results with predictions on the basis of eigenfunctions of harmonic 
oscillator. 

I.iater Taw de and Patankar used Hutchisson’s theory I to derive the 
transition x)rahabilitieH in bands of Ng second positive system in emission 
and compfired the same with accurate measurements, using integrated in¬ 
tensity under band contours. The expected satisfactory agreement was 
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i\ot found for relative intensities in v" progressions, in spite of the use of inte> 
grated values. With higher sequences and with higher nicMuber of sequences, 
the degree of disagreement showed progressive rise. It occiired to Tawde 
and Patankar to examine the nature of agreement so found by interchanging 
the quantum numbers, from (rr, y) to (y,cc) acting on the faint indication given 
oai'lier by Hutchisson'*^ They found that by this procetliire Iheie wa.s consi¬ 
derable improvement in agreement over the earlier comparison, even though 
there was still a wide gap between tijie tlieory and e.xj»erjjiienl ©.specially 
in bands of higher quantum numbers. 

PatoP^ in our Jalxmitory computed the transition probabilil ies in Cjj 
(Swan) sy.stem and by comparing them with ex£)erimental results on oxy- 
coaJ gas flame,s, confirmed in general tJie conclusion of Tawdo and Patankar 
as regards the partial validity of J-lutchisson’s theory. 

Browir*^ carried out the experimental study of intensities in the series of 
Na® in liuorescence and eonqiared the results with derivations from Hutchi¬ 
son’s formula. Having failed to olitaiu closeness of values, he corrected 
Hutchissou’s formula of harmonic oscillator, bv inserting the cfui.slants proper 
to each vibrational level, instead of using lh(i same eigou-finictions in every 
case. 811011 a pi’occss resulted in giving much better (pialitative agreement 
with expeiimentai v’alues, than Hutchisson's uncorrccted exju’cssion, 

Langstrolh"*’’ from bis intensity data on nitrogen (UP) in emission has 
found Hutchisson's theory to give only approximate agreement with his 
results. In geiu'ral tin* Iheory was iuadetjuate to moot the actual situation 
in emission. He therefore, suggested th <5 inclusion of excitation mcelianism 
by electron impact, in Hutchissons transition probability considerations. 
This development h.as been treated in a subsequent .section. 

It is tlio expectation of theory, as Wehrli'® has sliown, that 'W'hen 
harmonic cigonfnnetitms are used in cases where the equilibrium nuclear 
separations coincide, but vibrational frequenoies are different, only the transi¬ 
tions with oven(Av) aie permitted and tho.sc with odd (Ai?) have zero intensi¬ 
ties. Such pheomena re.sult in gi\"ing subsitliary maxima at I'vcu (Av) which 
have been verified by Wchrli in (lal and Iiil wdierc the prediapo.sing condi¬ 
tions arc approximately satisfietl. 

In 1 f)32,AVurm^’ calculated the transition probabilities in C 2 (/Swan) and 
ON(violot)sy 8 tem,using Hutchi.ssou’s theory I.Later I'atcP® in our laboratory 
carried out theoretical calculations of bami iiitcnsiUos in Co (Swan) system. 
Independently, MeKellar and Buseoinbc®® also flid these calculations for 
both C 2 (Swan) and CN (violet) systems for puiposcs t>f detei’inining the 
temperatures in R-type stars. But curiously enough they could not confirm 
the calculated values of Wurm'*’ even by using the some luolceiilar constants. 
In the meanwhile, King®^ reported some experimental results on the Swan 
system which ho subjected to scrutiny in the light of the calculated transi¬ 
tion probabilities of MeKellar and Buscombo, and of exj,>orin)ctal results of 
Johnson and Taw'do*. Access to these results of MeKellar and Buscombe, 
through Kings’ paper led Ta vvde and PateP® to report the earlier thesis 
results of Patel on theoretical transition probabilities of Swan system to 
show certain anomalies existing between their values and those of MeKellar 
and Buscombe. These have now been cleared by MeKellar and Tawde®® as 
due to different molecular constants being used in the calculations, Tawde 
and Patel having used constants which are clo.ser to the recent revised data 
of Phillips*® on the Swan system. Incidentally, they ha ve also shown that 
transition probabilities are highly sensitive to minute changes in the 



8 


Proc Ind. Sc. Cong. : Part 11 : Presidential Addresses 


constants, especially (Ar), the difference in iniernnclear distance. Thus the 
need of obtaining more precise data on the molecnlar constants by accurate 
rotational and vibrational analysis of bands is to be emphasised. The 
cause of large disparity between the values of Wnrui and the more 
recent data is not easily understood. 

The comparison of transition probabilities with experinicntal•results 
revealed from the study of Tawrle and Patel’s results that both in v' and v" 
progressions, the disparity between the two increases systematically with 
the increasing (A?;). King has noticed a similar tendency but not so syste¬ 
matic as in Tawdo aiul Patel’s findings. 

Prom the nature of evidence presented above, it can be said that the 
ciuantum mechanical concepts of Hutchisson’a first theory were generally 
in the right direction, but they proved inadequate to meet the real situation 
in electronic band spectra, as seen from tht? many suggestions for improve¬ 
ment to bring the theoreti(!al predictions in line with experiments, by right 
choice of potential energy function, the vibrational energy expressions or 
by the available refinements in the molecular constants. 


(iv) Hulchisson's Theory II. 

As anharmonicity is a characteristic f<;aturc of electronic band systems, 
and as the experimental results also have been shown to be in conflict with 
theoretical transition probabilities for higher quanta, derived from api>roxi- 
mations of harmonic oscillator, a new approach to the subject seemed inevi¬ 
table. In order to correct for the deviations from linear oscillations Hutchis- 
son expressed the nuclear potential energy in t.he form of three term power- 
series and used Sohrodinger’s perturbation theory to construct the complete 
'wave function; and hence the intensity amplitude T^/ as 


V ^ 4 
/ ' - V 


.2 • • C^tfj . 




(3) 


where k=v '—4 and y=v"-)-4. 

This contains in general 81 terms and requires long calculations. But if 
one confines to absorpition bands, the intensity amplittide reduces to the 
following simpler form 
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In this only 9 terms are involved and hence the prediction of absorption in¬ 
tensities becomes a workable proposition by this expression. 

This theory has rarely been used. The only serious attempt on record 
is that of Hutchisson himself, who calculated the transition probabilities 
for absorption bands of hydrogen. As is to be expected the agreement with 
experimental observations showed considerable improvement over that shown 
by earlier theory, based on harmonic oscillations. The high values given by 
the first formula were appreciably reduced with the use of the new expressions. 
But the power-series expressions, even when carried to two approximations, 
gave reliable results only over a limited lower vibrational quanta. With 
the help of wave functions derived from Morse energy expression, Hutchisson 
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obtained still better agreement not by the direct integration of the analyti* 
cal expression incorporating this function, but by the effect produced on 
values resulting from integration carried out graphically. This led him to 
suggest that Morse expression probably served much better and reached 
reality much earlier than a 3-term power-series expression for bands in the 
region of higher quanta. Beyond this, the use of 81-term or even 9 term 
expression is not linown. 

The consideration of anharmonicity effect iii other analytical waj ''8 is 
due to Price who used ( 1 ) usual Morse expression in hai'monic oscillator 
eigenfunction of Hutehisson theory I, (2) a modilied Morse function in the 
same and (3) entirely new eigenfunctions. These computations were tested 
by Price^^ from the expressions derive<l by Davidson^- for some absoiption 
bands of hydrogen transitions. 

a bands 

‘ip'^TT —* 2.9*S,/7 bands ... ( 5 ) 

His conclusions as regards the relative efficiency of the methods of bring¬ 
ing about anharmonicity are: 

( 1 ) The new eigenfunction brings much better imjjrovemont than the use 
of modified Morse expression in the harmonic oscillator eigenfunction. 

( 2 ) This latter is still better than the usual unmodified Morse expression 
in the same eigenfunction. 

(v) Dunham's Considerations. 

While studying the possible effects of a difference in nuclear mass on 
the probabilities of transitions derived from Hutchissons’ theories, Dunham®® 
has found that such effects are generally small. This, he has considered to 
be due to electric moment not changing as rapidly as eigenfunctions. Hence 
according to him the theoretical deductions of Hutehisson*^,®* in the case 
of harmonic or anharmonic oscillator need not be restricted to symmetric 
molecules for lower quantum numbers, but can be applied equally to a 
symmetric molecule. Further ho has detected that the constant C 3 of 
intensity integral for harmonic oscillator as occuring in Hutchisson’s theoreti¬ 
cal derivation, is apparently in error, its correct value being 

C'3=[.2/a(l-l-a*)]*.c-«®/“<*+“■*> ... (6) 

However, with this correction the relative intensities are not affected as its 
value is the same for all transitions. Hutehisson has later confirmed this 
correction of Dunham. 

The applicability of the above conclusion of Dunham can be tested by 
reference to the results of Elliott^ on a and ytf-bands of BO, where there is as 
symmetry in the two nuclei as per Hutehisson's considerations. Still the 
results are found to agree with experiment nearly to the same extent as in 
perfectly symmetric molecules. The other spectrum of asymmetric mole¬ 
cule which has been the subject of investigaions is the CN (violet) system, 
whose transition probabilities have been computed by MoKellar and Bus- 
ooml^*®. Nature of their agreement with experiment is of the type foimd for 
symmetric molecules. Restriction of Hutchisson’s theory to symmetric 
molecules should not therefore be very strict as first proposed by Hutehisson 

B7 
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and that there is considerable justification in the assumption that electric 
moment does not change as rapidly as eigenfunction. However, the other 
limitation viz. restriction of Hutchisson theory I and of theory II (as far as 
it was tried) to relatively small quanta cannot easily be relaxed, in the face 
of the available experimental observations. 

Experimental results of Tawde on CN bands when compared with Mc- 
ICeller and Buscombc’a theoretical values indicate in general the same con¬ 
clusion. The observ^ations on AlO and BeO bands by Tawde and Trivedi^® 
and Tawde and Hussain are still awaiting test from standpoint of theory 
of Hutchisson and tlie specific considerations of Dunham about asymmetry. 
Other asyininoiric molecules need to be investigated for verification of those 
aspects. 

(vi) Langstroth's Theory. 

The limitation of the applicability of Hutchisson’s theory I to only bands 
of a given progre.ssion arising at v' in emission, was sought to bo removed by 
Langstroth®* liy suggesting a way of getting the relative estimates of distri¬ 
butions in the initial states. Considering the band system to bo excited by 
electron impact, such that contributions to any v' state are duo to excitation 
from absolute v—0 level of the ground state or X state, Dangstroth calculates 
the excitation probability for a level v' of the initial state by the expression 
of intensity integral of Hutchisson’s theory I as P'^(f,„', The assumptions made 
by Hutchisson for this to hold are; (I) exciting electrons have practically 
no effect upon comparatively very massive nuclei (ii) becatise of the rapidity 
of electronic re-arrangement in cxicitation, the nuclear coordinates remain 
unchanged during transition, (iii) with suitable choice of exj)orimental condi- 
tion.s, the majority of molecules are in the ground state X,v—0, (iv) the 
contributions of combination aiul cascade effects to the population of the 
initial levels arc considered negligible. 

The excitation probability multiplied by the emission probability PW" 
calculaterl numerically as per Hutchisson’s expression of intensity integral 
then gives complete intensity 

h'v" = C*. V*. P\'v''ir)P^o,^'{r) ... (7) 

of any band. 

This expression should provide correct results, if the assumptions of 
Dangstroth are justified. They can be tested by seeing whether band 
intensity ratios maintain constancy with change in excitation voltage. 
If they do, then by comparison with experiments, the final expression for 
complete intensity furnishes a test of entire theory of Hutchisson, along 
with Langstroth’s theoretical considerations based evidently on only harmo¬ 
nic oscillator eigenfunctions. 

Langstroth relies for verification of his theory on the fulfilment of the 
assumptions of excitations of band systems by electron impact. In this 
connection one has to see how far electron velocities are able to alter the re¬ 
lative intensities in a band system. For this purpose, Dangstroth excited 
(0,2), () ,3) and (2,4) bands of the IIP system of nitrogen by electrons with 
accelerating potentials between 14 and 160 volts and found that the ratio 
of the intensities of these bands remained constant when accelarating po¬ 
tentials were more than 30 volts. Below this, the ratio varied. Such ob¬ 
servations were extended to nine more bands of the system by Langstroth and 
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in general the conclusion waa the same, viz, that relative intensities were 
unaltered by potentials greater than 30 volts. Subjecting the experimental 
conditions to this criterion the transition probabilities were investigated 
as well as found theoretically in nitrogen IIP system. 

The product of the two probabilities, i.e. of exitation and emission gave 
the complete intensity, which, when compared with experimental results 
did not give, however, the expected close agreement, tlirough there was 
improvement over the earlier results derived by considering emission probabi¬ 
lity alone. In fact the agreement was only approximate. Ho assigned the 
cause of this discrepancy partly to the neglect of anharmonicity in theory 
and partly to the want of accurate intensity data. The first cause is no doubt 
genuine. As regards the second, comparing his theoretical complete intensi¬ 
ties with the results of Tawdo on nitrogen IIP system under different methods 
of excitation he showed that even along ^''-progressions, the relative transition 
probabilities of Tawdc were far from those of theory. He was not prepared to 
attribute this to the failure of his theorj’’ but for the limitations on the acuracy 
of Taw'de’s experimental values, owing to peak intensity data instead of 
integrated intensity results. 

Pursuing the problem further, Tawde and Patankar subjected the IIP 
system to the integration methods of photographic photometry and obtained 
precise measures of relative intensities for 21 bands, 9 more than the number 
attempted by Liangstroth. They also calculated the complete intensities 
by introducing Langstroth’s excitation probability and concluded from their 
comparative study that approximate character of agreement examined by 
Langstroth earlier, did not materially alter towards improvement. But 
relatively there was closer approach when theoretical values are taken with 
interchanged quantum numbers, as in Hutchisson’s theory I. 

The failure of Langstroth’s considerations apart from the neglect of 
anharmonicity which is common to both excitation and emission, to effect 
expected improvement has been considered by Tawde and Patankar to bo 
due to exicitation probability factor not taking into account the true state 
of affairs. It may be that some levels higher than v~Q in the ground state 
are also populated in which case, they may also contribute to the upper 
state. Fimther there may be a possibility of some contributions to these 
populations by combination and cascade effects, which are assumed to be 
absent by Langstroth in his treatment. Then again there is Zener’s per¬ 
turbation effect which cannot bo ruled out altogether. 

On the criterion of the particular accelerating potential of electrons 
needed to validate the applicability of Langstroth’s theory, the evidence 
is conflicting. While Langstroth is inclined to fix the accelerating potential 
of electrons above 30 volts to maintain constancy of relative intensity values, 
Hermann®’* finds from his results no such dependability of intensities on 
on exciting voltage. 

Thus in general the position remains the same as prior to introduction 
of anharmonic oscillator eigenfunctions by Hutchisson in his theory II. 

(vii) Qaydon db Pearae Numerical Integration Method. 

Quite distinct from the evaluation oftheoverlap integral J* ^^•{I)^^''{r)dr 
by analytical approach in the manner discussed so far, Gaydon and Pearse®* 
have suggested the method of numerical integration of the overlap integral, 
involving Hie distortion of the harmonic oscillator functions to take account 
of anharnmnioity. 
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The authors obtain the normalised wave function of the harmonic 
oscillator in the form 


R^> 1/v// ^ • hJ^ 

d 'V \ 2 *'' v\ - v / tt ' \di 


( 8 } 


in which 


- and x={r—rQ) 
4/i^Cfiw^ 


Writing xjd—s, the Hermitian polynomials are given by 




m 


Gaydon and Pearso have evaluated with the help of the two equa¬ 
tions for various values of r and drew wave function curves for the initial and 
final states. These are then transformed to the wave function of the anhar- 
monic oscillator by means of the experimentally justified Morse expression. 
With the help of these (No. 8, 9) the numerical integration of the overlap 
integral is carried out by the process outlined by the authors. In this method 
the effects duo to distortion if any, on normalisation, are neglected. 

The earlier work on the application of the method of Gaydon and 
Pearse was in the nature of merely verifying the broad features of band sys¬ 
tems such as the existence of subsidiary parabolas inside main Condon 
parabpla and identification of observed bands or expecting new ones. 

Probably the first attempt at rigorous verification of intensities quanti¬ 
tatively by the numerical integration method of Gaydon and Pearse, is due to 
Laud in our laboratories (Vide Pig. 1(a) for eigenfunction curves.) 

Laud who studied the C 2 (Swan) bands in the flames of ethyl alcohol 
set before him the twin object of examining intensity distribution as a func¬ 
tion of the excitation conditions and <>f comparing the available theoretical 
transition probabilities derived from Hutchisson’s intensity integral with 
the present method of Gaydon & Pearse. He concluded that (a) the weight 
of agreement is more in favour of Hutohisson’s theory than the method of 
numerical integration, such a conclusion being independent of the quantum 
number of bands and (b) over four air-fuel ratios, corresponding generally 
to stabilized flames, out of the eight examined, the observed distribution did 
not alter sensibly beyond limits of experimental errors. 

Laud is inclined to say that this behaviour may result from the very 
rough approximations made for approach to anharmonicity condition and 
the consequent crudeness of the method, which brings in large departures 
in transition probabilities. There is no doubt a tendency in the method to 
shift the transition probabilities (as derived from Hutohisson’s theory I) 
towards the experimental values but the anharmonicity correction apears 
to be too much exaggerated, so much so, that the magnitude of the shift 
goes far beyond the required limit. Probably the various approximations 
involved viz. the distortion of Hermitian polynomials, neglect of normali¬ 
sation effect, etc. are responsible for the large shift which is much in excess of 
what is required to obtain the proper wave function for satisfying anhar- 
monioity. 



Wave Function Curves. 
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On this point of anharmonicity ono is not, however, sure, whether it 
is really playing a part as far as the role of this method (numerical integration) 
is concerned. If it was so, there should have been closer agreement between 
this method and Hutchsson’s theory I, at least for bands of lower vibrational 
quanta, if not for higher. But such is not the case, for the difference between 
the two, oven for bands of lower vibrational quanta, is too large and it defes 
not show any systematic change towards improvement with increasing quan¬ 
tum numbers along progressions. 

Correction for small change in normalis.ation factor and for the slight 
sliift of the central peak of the wave function curve in the distortion process, 
foreseen by Liaud, has in fact, been indeponrlonbly made by Pillow’’* recently. 
She applied this procedure to calculate the theoretical transition probabilities 
for Cg (Swan) CN (Violet) and N '*'2 systems. For verification with experiment, 
she has used the results of ICiiig and 5 independent sets of values of John¬ 
son and'Tawde® on Co. Comparison with other theoretical calculations, 
viz. of Mclvcllar and Buscombe and of Tawde an<l Patel have also been 
made. Similarly in the CN (Violet) sj'stem she has verified her experimental 
data with similar results of Tawde’*, Ornstein and Brinkman*® and the theo¬ 
retical one with McKellar and Buscombe’s. For bands comparisons 
have been made with experimental sots of Herzberg*^ and Bates*^ and with 
theoretical sots of values of Steplieiiaon®-’, Turner and Nicholls*'* and Bates*^. 
All these provide a good check between theory and experiment and also 
show that the new procedures adopted in carying out the distortion, show 
a definite tendency towards improvement of results over analytical methods, 
using harmonic oscillator. 

(viii), Bates' {Numerical Integration') Method. 

Bates®^ has very recently given an analytical solution to the radial part 
of the wave equation for a diatomic molecule by using directly the experi¬ 
mentally justified Morse expression. But he has used it to compute the 
transition probabilities by the method of numerical integration of the overlap 
integral. 

Starting from the wave-equation for the nuclear motion in the 
radial part, and introducing the Morse function for potential energy in it. 
Bates obtains simplified form of the radial wave function by adopting the 
Laguerre polynomials. He arrives at the following general form giving 


Iivir)=-r-^.S^{r) 

or Sjj‘)=R„{r).r ... (10) 

where the series of values of S„{r) are given by 

5„(r)=.4„oxp +£■?:)] 

-5i(r)=Ai[-Sfo(r)/Ao][l-(l-2a?Je«^] ... (11) 

Here is the normalising factor for various values of v, 


8^=a(r—rj and a5,=afc/4jr(2/t2>)*. 
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These functions can be evaluated for bands in any electronic transition 
for which the constant a, are known. With these the wave function 

curves are drawn for various v' and v" values. From these curves, the over¬ 
lap integral J* R„'{r).RJ'{r)dr is then computed numerically taking proper 
account of the normalising factors, while obtaining the final measure of 
transition probability. 

Bates himself applied the method to N 2 (IP and IIP) and Nt systems to 
derive the transition probabilities. 

In the case of Nj (HP) system, he has calculated the transition probabi¬ 
lities for three upper"levels v’=0, 1, 2 and four lower levels v"—0, 1, 2, 3. He 
compared these results with the earlier experimental data of Tawdo^* and 
others under four different experimental conditions. Taking the mean of 
these transition probabilities, lie has found his computed results to give a 
fair agreement with them. ICxaminiug closely the variation of experimental 
transition probabilities of Tawde among the various sources of excitation 
viz. positive column of a discharge in air, discharge in nitrogen in presence 
of argon, spark in air and h.f, electrodeless discharge, some times wide de¬ 
parture is noticed from one source to another beyond limits of experimental 
error, especially for the positive column in discharge through air. In view 
of these divergent results, one has to see whethci’ the conditions of excitation 
have something to do with the transition pi'obabilities. Al the same time, 
can there bo any justification in taking the mean of such divergent results 
for comparison with theory ? These points have not been considered so far 
in such stutlies. 

L«angstroth^® had earlier emphasised the need of obtaining integrated 
intensity values. The.se values were available from the work of Tawde 
and Patankar *•*. If Bates had used these values instead of Tawde’s earlier 
peak intensities, his conclusion would perhaps have been diffc‘rcnt. In fact 
Korgaonkar, Desai and Laud®^ in our laboratory have later studied Bates’ 
theoretical calculations in relation to the results of Tawde and Patankar and 
found decidedly a better support for the method of Bates. 

Very lately Desai working on the effects of argon on N 2 (IIP) system, 
has tested Bates’ theoretical values in relation to his own results. Using 
Bates’ method he has extended the calculations by taking v'—O to 4 and 
v^—O to 5 so as to bring within the scope of comparison 16 baiids more than 
the number taken by Bates. Need for such an extension was obvious in view 
of the large number of observable bands of the system, extending upto 
v'=4 and or 10 and Bates used only a small fraction of this number. 

.To this extent the theoretical data of Desai is most comprehensive, yet 
available on this system. (Vide Fig. 1(b) for eigenfunction curves.) 

Desai has shown that his results along with some of the earlier observa¬ 
tions on the system agree between themselves and with theoretical computa¬ 
tions (Bates method) to a fair degree. 

The values of Bates’ on Nt compare well with the latest computations 
by Pillow with a more refined procedure of distortion of the wave functions; 
mention of this has been made in the previous section. 

It is possible to summarise the position of the theories both analytical 
or numerical integration methods, involving various procedures by studying 
the band system thect has been exhaustively treated under most of them. 
Nitrogen (HP) system- is one such system on which good amount of 
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experimental work is done under different conditions in addition tt> 
theoretical computations by several authors. This data is collected below in 
table 1. 


Tablis 1, 




Tuansitiox PRoBAmLii'iifia : 2 nd positive System of Nitrogen 


Kxperimeotul values 


iiani 1 

- 



- 

— 

- _ . 

— 

- - 

v’ v” 


(1) 

( 

2) 

CD 

(4) 

n,i 

0 

.40 

0. 

43 

0 

41, 

0 

.39 

0,1 

0 

.3ti 

0. 

32 

0 

30 

0, 

.36 

0.2 

o 

. 17 

o. 

15, 

0. 

,14, 

0. 

19 

0,3 

o 

.05« 

0. 

07 

0 

.05, 

0 

.05 

1,0 

o 

. ID 

0. 

44, 

0 

.49o 

0 

.42 

1,1 

0 

.02, 

0. 

02o 

0 

.02 

0 

.03, 

1,2 

0 

. 10 

0. 

10, 

0 

11. 

0. 

15 

1.3 

0 

.20 

o. 

20, 

o 

. 102 

0 

.20 

2,0 

i) 

. 29 

0. 

— “'6 

0 

•27, 

0, 

24 

2,1 

0 

. 3.4 

0. 

49„ 

o 

.39, 

0 

.31 

-> -> 

0 

. 0.4 

0. 

03, 

o 

<123 

0 

.04 

2,3 

(> 

.05o 

0. 

<M5., 

o 

.00, 

0 

.07 

2,4 

0 

. 14 

0. 

17, 

0 

.11, 

0. 

J3 


'J’heorotical values 


{•^) 

(«) 

(7) 

(8) 

(l>) 

0.48 

0.49^ 

0.53 

0.48 

0.46 

0.32 

0.33» 

0.27 

0.38 

0.385 

0.14 

0. 14, 

0.12 

0. 12 

0.12a 

0.04, 

0.04, 

0.05 

0.10a 

0.02 

0.39 

0.41 

0.43 

0.32 

0.32^ 

0.0.45 

0.04 

0.04 

0 . 035 

0.027 

0.22 

0.23i 

0.21 

0.34 

0.32j, 

0. ID 

0. 19^ 

0.12 

0.23r 

0.24, 

0. 12 

0.12, 

0.2J 

0.155 

O.2I5 

0.37 

0.38o 

0.39 

0.205 

0..30 

0.00., 

O.OOo 

0.01 

0.02 

0.04 

O.ODi 

0. ODo 

10 

0.225 

0.25 


0.15^ 

0.08 

0.34 

0.32 


(1) Tawflc (Mean of 4 obs«ti-vuti<uis) (o) 

(2) Taw<lo aial Pataukjir ((5) 

(3) Dosai (Moan of 3 obsiTvation.-,) (7) 

(4) Kortxaonkar (8) 


(9) 


Jiatos 

JJesai (Pates’ methorl) 

Nioholls ((Jayilon & Pe»»rse’a method) 
Ttiwdo ami Patankar (Hutohisson’s 
nietlaul) 

Tawdo an<l Patankar (Langstrolh- 
Ifiitchisson method). 


Variations that are seen among the different sets of theoretical values 
will result from a number of simplifying assumptions as well as different 
values of molecular parameters. The tnore precise the values of these para¬ 
meters, the more favourable is the ground for test of theories. For, it has 
been shown earlier that the values of theoretical transition probabilities are 
very sensitive to slight changes in such parameters. Proper comparison of 
theories w'ould require calculations from the same molecular constants. 
In above sets of values, the constants of different authors are not the 
same. The more modern constants used are those by Bates** and by 
Desai**; other's '‘■'b®* arc from Jevons*’. Considering these the following 
broad features emerge. 

Bates’®* and Nicholls’**, results agree fairly well among themselves 
and they also compare favourably with experiment except for 2 bands. 
Both authors carry out numerical integration based upon the same eigen¬ 
functions by different ways. Bates using directly the experimentally justi¬ 
fied Morse potential energy expression and normalised wavefunction in the 
integration and Nicholls®*, starting from the parabolic curve of harmonic 
oscillator distorts it to fit the Morse expression. In this way they take 
account of anharmonicity. 

"Derivations from Hutchisson’s and Langstroth’s theory cannot 
be miich different as they start from the same expression of harmonic oscil¬ 
lator except for the factor of excitation probability i]ged by Bangstroth®* 
which effects a slight improvement over the former in case of excitation by 
electron impacts. But generally these predictions seem to bp relatively 
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further from reality as evident from their comparison with Tawde and Patan- 
kars’**, experimental integrated intensity results. The latter experimental 
results, for all practical purposes, can be taken to be comparatively free^from 
any major errors and uncertainties involved in photographic photometry 
and are expected to give a closer approach to true state of affairs. 

As regards 1 he other independent experimental observations, they give 
a departure; but one lias to see vvljct.her it is significant considering the variety 
of conditions under which the band.s have been produced. Howev'er, in 
this connection there is ample evidence to feel that theories and refinements 
in them may have to take into account the proper excitation mechanism, 
including the external perturbations causing a redistribution of transition 
probabilities as envisaged by Zener^’. ’^Pho right choice of potential energy 
expression in the wave function is also a factor in the correct jirediction of 
the transition probabilities. Further the transitioii probabilities are sub¬ 
ject to the valulity <»f the assumption that oscillator eigenfunction is inde¬ 
pendent of .1, the rotational cpiaiitnm number which i.s only an 
approxi m ation. 

It is a tacit assumption in all the tlieorif?s that the electronic moment 
integraJ is independent of r, the intornuclear distance. According to Shuler, 
if there is any variatirm of it with r, one has to see whether it eau.ses a marked 
inflnoiice on transition probabilities. This point has not yet been investi¬ 
gated in any detail except in a single instance of OH where the varia¬ 

tion of electric moment integral with r is a more important fa«‘tor in the cal¬ 
culation of transition probabilities t han the use of more exact wav^e functions. 
Thus Shuler concludes that until some a<lditi(.)nal information is available 
on this point, not much reliance can be placed on the results of calculations 
regardless of how well the mechanical anhannonicity cnti be taken into 
account. 

If this content ion of Shuler is proved to be correct, then the extension 
of applicability of Hutchisson’.s theories to asymmetric molecules as suggested 
by I)unlian» becomes also doubtfiil. 

All the metliods involve very laborious calculations. But in point 
of exact reprodmability of the<>retical results, those inv<jlving numerical 
integration and particnilarly the distortion x^roocss would obvdously be at 
a disadvantage. 


3. MoL.ICCLTI.An Si’ECTRAL THEORIES AITO TEMPERATURE 

From the theories outlined above a vibrational sum rule of intensities 
can be derived, which allows temperature determinations to be made by the 
observations on band s}>ectra. 

If the vibratitjnal eigenfunction.s are properly normalised it can be shown 
with the help of the elementary proijorties of systems of orthogonal functions 
that the sum of the stjuares of the overlap integrals summed over all values 
of the vibrational <|uantum numbers of the upp.^r or of the lower state 
is equal to unity. Thus 

C[I *}/„• dr r - Dll =1 ... (12) 

v’ v" 


B8 
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This condition 
or absorption gives 

in conjunction with the intensity expression 
the relation 

in emission 

c 

V " 

^ v ' v ' 

CO 


(in emission) 

. . (13) 

c 

- oo 

V 


(in absorption) 

.. (14) 


These derivations have been used by Jablonski^® to formulate the ^'ibra- 
tional sum rule for intensities of bands in a system. 


If emission or absorption intensity is divided respectively by v* and i’, we 
obtain a tpiantity called band strength. The sum rule then is that the 
total band stT^ength of all bands with the same ux>i>er or lower state is 
proportional to the number of molecules in the upper or lower states resjiec- 
tively. This becomes valid only if the electronic transition moment remains 
constant for all vibrational transitions, which contribute to or Sf/i-. 

Assuming thernml ecpiilibrium at temperature T, at which the popula¬ 
tions Nil of the initial state is projx>rtional to G's.i[i[Ejk2'~\ we may write 

log^ % (in emission) ... (l/>) 

and 

loge S T — E^.>'jkT) (in absorjjtion) ... (lb) 

Thus the knowledge of intensities in iirogressioiis and the vibrational 
energy term value provide a graphic,al method, giving a straight line for the 
estimation of tcmxierature of the gas, emitting or absorbii\g the band system. 
Obviously, tlie intensities here, need to bo only the relative intensities. 

In emission this method w’ill yield reliable results only if the excitation 
of the band system is purely thermal. But even for non-thermal excitation, 
often a straight line results from the above relation, ami it becomes possible 
to obtain a value of temperature, which is then assigned as effective vibrational 
tewperaiure. This and similar ternjs used for designating temperatures have 
not, in general, been proi>erly understood and have, in many cases, led to a 
good deal of confusion in the study of temperatures of gaseous assemblies 
in a discharge or for that matter, the temperature of the discharge. 

In a special investigational programme undertaken on behalf of the 
British Electrical and Allied Industries Research Association to determine 
to what extent thermal equilibrium exists in an arc discharge, Edels^^ 
has given an excellent critical resume of the work on this aspect. Achieve¬ 
ment of this aim is possible through the knowledge and determination of 
what usually are termed the (1) electron, (2) excitation, (3) molecular band 
and (4) gas temperatures. 

Within an electrical discharge, a number of different types of assemblies 
exist, viz, molecTiles, atoms, excited atoms and molecules, electrons, and ions. 
Each of these will have its component temperature comparative to the other 
characterised by a distribution, generally the Maxwell-Boltzmann (M.B.) 
distribution. The relative temperature conditions expected in these assem¬ 
blies are that (1) electron temperatures will be generally much higher, irres- 
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pective of the pressure, than the other component tfemperatures, (2) they 
are also higher at the electrodes than in the discharge column (there may be 
deviation from M.B. distribution in the electrode region), (3) in the discharge 
column at high pressure no great ciifferences exist in atomic, molecular and 
ionic temperatures, some times even the temperatures of electrons and (4) 
in regions of dissociation close to discharge boundary, differences between 
molecular and atomic temperatures may exist and this region may also depart 
from M.B. distribution. 

Different experimental methods have to be devised to obtain the know¬ 
ledge of all the different component temperatures and these component 
temperatures have further to be distinguished from the temperature of the 
whole gas within discharge boundaries i.c. discharge gas. This latter tem¬ 
perature we may term as gas temperature. 

As we are concerned here only with the subject of molecular temperature 
or temperatures determined from baiul spectral intensities and transition 
probabilities, wo ought to know what is molecular temperature and the fine 
difference between it and gas temperature and leave the other temperatures 
viz. excitation temperature, and electron temperature out of consideration. 

Under molecular temperature we shall again coniine ourselves to the 
derivation of feiiiperaturcs from el«*ctronie band systems. In these there 
may be distribution of energy among rotational sta tes at a certain temj>era- 
turc and similarly among vibrational states. 

In terms of transition probability the expression for emission case 
comes to the form 

log, L\ j- (- E.'lkT) ... (17) _ 

Wo have seen above from the concej>t of vibrational sum rule how the 
tem})erat\jre corrcsjJondiiig to the latter viz. vibrational temperattire is derived. 
Similar consulerations apply to rotalional states and yield rotational tempera- 
turr, the form of expression for the case of emission being 

log^Ijiv* - C\ -I i-ErlkT) (18) 

where i—intensity' factor 

Using the vibrational intensity data on nitrogen positive and negative 
systems, Rosseland and Steensho'lU^ have applied Hutchisson’s^^ theory 
I of transition probabilities to derive the temperatTiro for thermal equi¬ 
librium to be of the order of 30 «j 0"K. This is very different from much more 
reliable figure of 250^ obtained by Vogard“‘^ for a single band from distri¬ 
bution in the lines of R branch. Thus it was coucluded that the theory 
breaks down at low temperatures. This is tsxpected because if. is not until- 
high temperatures are obtained that collisions are likely to affect the vibra¬ 
tional intensity distribution. Hence a thermal distribution of rotational 
levels will exist for teraperatures above a very low value, whilst for vibrational 
states one should expect such a distribution only at quite high temperatures. 

In electrical excitations like those in certain discharges in gases or in 
arcs, high temperatures usually exist and thus a possibility of obtaining 
vibrational intensity distribution defining a temperature is indicated. Con¬ 
clusions from application of those considerations to some laboratory sources 
are given below. 

Band Temperature EesuUs : A number of temperature determinations 
pf laboratory sources have be^'n made by using vibrational or rotational 
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intensity data. Takihg Ca(iSwan) bands alone, the temj)eratures have been 
derived under different conditions and sources b>’ Johnson and Tawde®, 
Liochte-Hoitgreven’® and Horst and Krygsman"*. They generally vary 
approximately between 5000'’ and 6000°K.. Taking CN baiwls, the tempera¬ 
ture derived from rotational intensities ranges rtjughly between 6000"K. 
and 7000'K. either along the axis or in the cross-sectional plane as derived 
by BrigeJ*, Ornstein and Brinkman®®, Ornstcin, Brikman an<l Beanes’®, 
l^chte-Holtrgeven and Macker ”, Mason’^. Krnithop arnl 8 mit’®, Tawde^*, 
and Tawde and 'rrivedi*®. 

Bimilaiiy on nitrogen band spectra, a large number of <leterniinations 
are available by liamada®®, Ornstein and Harringhitizen,®^ Thompson®’, 
van Wijk®’ Lindh®*, V'egard®®, Tawtle*’’, Korgaetkar®* and Ot^sai®®. 
They vary between 250'’' ti> .WOO^K. nccortling as det<*rrninations are from 
rotational or vibrational intensities and with variation of excitation 
conditions. 

In general, the niti’Ogen baiifls are tliarac-terised by anomalies in tempera¬ 
ture, both in rotational and vibrational states. 

A few other molecules from which temperatures are thus determined 
are Hcg by Johnson and 'Furner®’, CO bv^^ Ivanuss and Me Coy®®, by Ornstcin 
and K-ruithop®®, AlO by Tawde ami Trivedi’®, Tawde and Hussain,’® Colieur 
and Coheur*® and 'I’awrle®', BeO by J<.)hnsoii and Dutistan’’ and Taw'tle 
and Hussain and AlH by Nagashima’'^’. 

In the case of C 2 ( 8 vvan) bands, temjterature r<‘sulls art in fair agreement 
with different aut hors. They also show that a high temperature high prc.ssure 
stmree emitting these bands gives thermal tlist ribut ions for both the rotat- 
tional ami vibrational states w'hicb is unlike No. 

Temperatures so far reviewed concern the }irotluction t)f a given molecule 
in different sources. The jn-oblem of tht? excitations of different mole¬ 
cules in the same soiircr^ ami of the same molecule arising from the different 
parent material or substances fe<l in a. given .sourc<*, las also been tackled 
by a few workers and some interesting conclusions have been drawn. I^Voni 
CN and AlO baiuls «*xcited and [)ho 1 ographed simultaneou.sly in an are, 
Tawde and Trivedi’® foumi vibrational temperatures differing by a wide 
margin. This led them to stiggest that they are excited in tlifferent regions 
of the arc—CN (5200 K.) in central axial portion ami AlO (34r)0”K.) in the 
surrounding cooler flame part. Similar tyi)e of ob.servat ions for these bands 
from rotational states are av’^ailable from the w'oi k of Ornstein and Brinkman*® 
and of Ornstein and van Wijk*^. 'J’aw'de and Trivedi’® have noted that the 
ratio of temperature CN/AIO in all the thre<' indepomlent observations 
remains praeticially the .same, in spite of temperatures being vibrational or 
rotational. Somewhat parallel data on Cg and CH bands iti ethylene and 
acetylene discharges gives ratio of temperature.s C 2 /CH from rotational 
states, which is also nearly constant. The presence of hot and progressively 
cooler zones in the arc is not unusual. In fac-t, temperature gradient in a 
cross-sectional plane has been postulated for arc by Tawde and Hussain’® 
from their results on BeO and AlO bands. In such a stable discharge, the 
bands due to CN, AlO and BeO or other molecules excited in arcs, locate 
themselves in regions or zones appropriate to their optimum, temperature 
which is sufficient for their formation and insufficient for their dissociation, 
^heur and Coheur®® also find from intensity distribution in rotational 
lines of AlO bands produced in explosion of thin aluminium wires, in spark 



21 


SeUion 3 ; Phyeica 

And in Arc, with variety of compounds of Al including its alloys for the elec¬ 
trodes or as material fed into the arc, that the temperature obtained always 
reaches an optimum value which has to be ascribed to the molecule. 
Thus it is evident from these observations that the bands may not indicate 
the temperature of the source, but their own optimum temperature. 

As regards the excitation of a given band system arising from two cliflerent 
materials fed into an arc, it has been noted that the AlO bands produced in 
carbon arc, once with Al (metal) andanother time with AI 2 O 3 (compound), in 
low’^er electrode, give two different temperatures, but withinlimits of optimum 
temperature. Similar temperature differences have been attained for BeO 
bands with Be(metallic) Be(oxide) substance by Tawde and Hussain^*. 
These differences for the same band system may have to be accounted for 
in a different way. In all these cxj>erimcnts on band temperature deter¬ 
mination where carbon arc has been used for exciting the band system, 
the temperatures found do not go far from those obtained by other indepen¬ 
dent methods, such as sound veh)city and absorption measurements. These 
methods give a measure of the gas temperatures. 

Thus for ar<-s at atmospheric pre.ssure the results indicate that the 
gets discharge temperature is of the same order as that determined from band 
intensity data. hui*ther, such temperatures mt)re or less coincide with tem¬ 
peratures determined from 8 aha equation. This suggests tluxt with this 
tyj>e of discharge i.e. arc, no great difference exists between the temperatures 
of the discliarge components, indicating a fair degree of e(|ulibrium between 
them. 

For disi'hargcs or .sources other than arcs emitting the molecular radicals, 
the moleculai' temperature has been found to be generally dilVereiit from 
the other discharge components, liocause of this dilferenco such a 
temperature is tlistinguished as effective t.emperature from the gas temperature 
which the whole group in the <lischarge woiild have by virtue of equilibrium 
or stt^ady state. Froni the relative concentration of molecular and atomic 
entities which are usually far greater than other components, it is cxy)ected, 
under steady conditions in most discharge sources, that no great dilierence 
will exist between temperatures of different molecules present in the discharge 
Hence molecular band temperature determination will not be very different from 
the temperature jneasurement of the whole gas mixture. We know, however, 
that hand temperature is usually representative of the “vibrational or rota¬ 
tional energy distribution of one molecule” and that if the temperature 
so obtained is unduly influenced by dissociation or by other processes, it 
is safe not to assume molecular band temperature to be the same as gas 
temperature and this happens in most discharges w'hcre steady state and 
ideal gas condition are usually far from being realised in pi*a<*t?ce. Spark 
conditions in particular offer an extreme case of departure in this respect, 
becatise of the rapid pressure changes. That may be t he reason why tempera¬ 
tures derived from transition j>robability measurement of bands in sparks 
have given abnormal results. 

If any correlation could bo establisherl between the effective and gas 
temperatures, an interesting field of investigation would be opened up in 
astrophysics. In the following w'e shall examine the application of the 
theories of transition probabilities to some problems of cosmic sources. 

4. Traksttioit Probabilities akd Cosmic Sources 

Molecular bands being of common occurrence in many cosmic sources, 
both in absorption as well as in emission, the molecular theories of transition 
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probabilities and intensity distribution measurements are now being increas¬ 
ingly used to identify the molecular radicals, to understand their excitation 
mechanism and to estimate the elVectivc temperatures in cosmic sources. 

Because <jf the complexities of mathematical expressions and the conse¬ 
quent labour involved in computations, there is an increasing tendency to 
make use, in astrf>physics, of the laboratory data of transition probabilitaes. 
Once it is shown that sucdi data is generally in confirmity with theoretical 
expectations, this knowledge could help the solution of some problems in 
astrophy.sii.s. lif)w far such thcoreticial expectations ai'e realised in practice 
has been showfi in the previous section of this address. We shall examine 
now some of the applications of the more recent theoretical concepts of 
transition ]>r()babilities to derive information about jjhonomena in cosmic 
sources. 

Wurm*" used Hutchisson’s theory to estimate temperatures in certain 
N-type stars by observations on CM and C 2 bands. He also calculated on 
the same considerations, the temperatures of radiating gases in comets by 
using CN baiuls. Ajiplication of theoretical concepts of Hutchisson^^ was 
made by Ro.sscland and Steensholt’^ to the spcet,rum of polar aurorae by 
using negative and positive Ng bands. With the knowloflgc of tempei'a- 
tures thu.s obtained they postulated certain mechanism about excitation 
in aurf>rae. 

Ill more recent, years such work is being jiursued especially in Canada 
and IJ.S.A. McKellar and Buscombe®® have determined the intensities 
ill the individual bands of C.^lSwan) and CN(violet) system to determine 
the excitation (vibrational) temperatures for reversing layers in three R-type 
stars H. D. 70360, H.D. 156074 and 11.1). 1820-iO. Comparisons have 

been made with theoretical values derived from transition probabilities 
based on Hutchisson’s method of harmonic oscillator and with ex]ierimeiital 
re.sults of .Johnson and Tawde® and of King on C._j. Later these results 
have been studied in relation to derivations from theoretical tran.sition 
probabilit ic.s eomputod by Tawdc and Patol.^^>^®. 

Oliserv'at ions using CN bands give theoretical and exporimental tern- 
fieraiures for these stars. The object of the.se expeiJmcnta apart from the 
dcriv’ation of temperatures was apparently to see how far ilio use of experi¬ 
mental transition probabilities could be justified for deriving the Stellar 
temperatures. Large disparities were noticed between the experimental 
and theoretical sets. They clearly indicated the need of obtaining more 
trustworthy experimental data. However, McKellar and Buscombe®® 
have taken the moan of the temperature values of each of these stars ilerived 
from photoelectric colour measurements made by Hr. and Mrs. Kron of the 
Lick Observatory, To avoid some of the uncertainties, they have shown 
a method of using any hands of a system that have equal measured intensities 
by which it is possible to eliminate the effect of non-linear variation of ab¬ 
sorption intensity with a number of absorbing molecules. The mean of the 
measurements by experimental and theoretical transition probabilities is 
also taken and the two sets of observations are given side by side. 


H.X). 150074 H.D. 18204C 

Moan of Dr. Ki'ojx’k obsewiitionw.. 

(Kuiper'fl 8on,lo). SIOO^K 6700“K 

McKellar and Busoombo’s derivatione— 4700° i 400 6200° 500 

(Moan of theo. values of M. & B. and 
exp. of King, .Johnson and Tawde, & 

Ornstein and Brinkman). 
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McXellar and Buscombe, find the agreement Hatisfactury, considering 
several ]i 08 sible sources of error in the method involving band intensities. 

In view of the fact that the theoretical transition probabilities depend 
upon the several assumptions and approximations and since Hutch isson's 
theory has been shown to be inadequate to meet the reality, work of the type 
indicatetl above needs to be repeated in the light of the other transition 
probability theories of moie comjJrebensive character that have given more 
satisfactory results. Among these wc have indicated the superiority of the 
analjdical methods using anharmonic oscillator eigenfunction and the me¬ 
thods of numerical integration, involving the direct uso of experimentally 
justified Morse expression, viz., the method of Bates or the one involving 
distortion of the parabolic curve to suit the Morse or other experimentally 
justified potential energy curve, viz,, the methods of (Jaydoji and Pear.se®* 
and of PilIo\v®®“. 

These tests ought to be extended also to the other a-sirophysioally im¬ 
portant molecular systems of CN (violet), TiO, ZrO, VO etc. Work on some 
of the.se molecules is already in pj'ogress at Bombay'. Oata obtained by 
one of the workers in our laboratories shows that TiO and l^aO molecules 
occurring in M-type stars yield from laboratory sources, the vibrational 
temperatures of about 2000' and .‘lOttO'^ K respectively, which are generally 
within the range assigned to these stars. 

The experimental transition probabilities of Ng (UP) system obtained 
by Tawde’® iii tlifferent laboratory souri'Os have been utilised lately by 
Batos*^ to visualise the j>roeessos occuring in the earth’s upper atmospheric 
sources, i.e. mechanism of excitation of nitrogen. Since the later experi¬ 
mental observations using integrated intensities by Tavvde and Patankar*® 
confirm the distribution theoretically predict.ed by Bates, to a greater ex¬ 
tent than the earlier results of Tawrle and also since the recent experimental 
and theoretical data by Ivorgaonkar**® and by Desai®® are in close agreement 
with these re.snlts, they may be taken to lend fmdber support to the mecha¬ 
nism suggested by Bates,*®. 

It has been found that the vibrational intensity distribution in AlO 
bands in Mira (^eti is different from the one obtainable in the laboratory. 
It has been suggested from this that the bands are probably excited by 
fiuoracejice resulting from tlie underlying radiation. 

The temperature of the upper atmosphere layers in whic'h auroral or 
night sky emission takes place can, in principle, be (letermined from the gross 
intensities of Ng bands, as it has not been possible to resolve the rotational 
structure. Vegard and Tonsberg’s®® value thus obtained is 230^K. Tem¬ 
peratures come to be nearly the same for the bottom as for the top of aurora 
as well as for the sun-lit aurorae. These values cannot be reconciled with 
those from ionospheric data. 

In. general, the vibrational intensity distributions .studied in laboratory 
and astral som’ces and from the standpoint of theoretical transition probabi¬ 
lities shed light on a number of problems connected w'ith cosmic sources. 

A promising growth of the astrophysical aspects so far presented and 
discuss^ would be in the direction of estimation of absolute theoretical 
intensities which is the problem of absolute strengths of electronic transitions 
in molecules. Mulliken®® thought that a systematic development of the 
theory of absolute intensities of electronic transition and its application to 
the existing new data, would be “a step towards quantitative determination 
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of molecular concentrations in celestial objects besides its value for the under¬ 
standing of molecular structure and spectra”. According to the theoretical 
treatment of Mulliken the oscillator strength ‘/’ is derived in the form 
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represents the transition probability from electronic state m to state n in 
absorption. 

Swings®* has indicated the desirability of/-rlata or absolute theoretical 
intensities for systems of CN, CH, NH, OH, TiO and (both symmetric 
and isotoj)ic) in late-type stars. In addition to total /‘-values, those fr>r sj>eci- 
fio lines or specitn; bands, are also of interest in astrt)physios. Apart from 
their importaiice in stars and comets they are of equal value in the study 
of interstellar absorj)tit)n. 

Signiticanee of ^’-values becomes apparent by reference to certain pheno¬ 
mena in cfiinet.ry radiations. These are said to be due to fluorescence t‘xcited 
by solar radiation, from the nature of rotational intensity distribution ob¬ 
tained in the ON, CH and Cg bands. Kffoctive temperatures derived from 
such distribution in CN (38S3) band of comets by McKellar®^ and Dufay 
vary between 200'^ K. and 436°K for heliocentric tlistanccs, ranging from 
1.4 to 0.5 in astronomical units (a.u.) For CH bands they are much lower, 
thfe temperature at a distance of 0.5 a.u. being only 200 'K. In the case of 
C 2 the temperatures derived are of much higher order (abotit 3000°K) with- 
only slight dependence on distance. 

Differences in temperature either with distance or with molecular kind 
are to be interpreted in terms of the excitation of the ra^licals through repeated 
process by tlic solar radiation. Of the three molecules, CN and CH have per¬ 
manent dipole, while Cg has not. As a result, pure rotational spectrum of 
CN and CH is "permitted” while that of Cg is "forbidden”. These considera¬ 
tions will cause the exciterl rotational state.s of CH and CN to become de¬ 
populated by emission of the far infra-red rotational spectrum. While 
this goes on, a sort of equilibrium is established between rotation-increasing 
and rotation-deereasing effects of solar radintion, leading to a fairly low rota¬ 
tional temperature ’whose value goes on changing with intensity of solar 
radiation (i.e. A^dth distance of the Sun), with the absolute intensity i.e.. 
/-value of absorption of the particular band system and with the absolute 
intensity of the rotation spectrum (determined by dipole moment). In 
Co, the populations will go on accumulating in high rotational states, with 
practically no chance of downward trend, causing abnormally high rotational 
temperatures. Thus on the basis of/-value.s or absolute transition probabi¬ 
lities, it i.s possible to explain the temperature differences. 

The interpretation of cometary forms is possible through the know¬ 
ledge of /-values. The shape of head and tail of comets arises as a result of 
recoil of molecules, following the act of absorption of light quanta i.e. 
by the introduction of the effect of radiation pressure. The magnitude 
of the effect depends on the intensity of solar radiation and the /'-value for 
the particular transition. As a result a motion away from the Sun is super¬ 
imposed ux)on the motion away from the cometary nucleus, giving an 
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elongated form for the head. Interesting features of such forms from theo* 
retical standpoint have been discussed by Wurm®®. 

With the available /"-values Layddane, Rogers and Roach'^®® have 
calculated the relative abundances of OH, CN, NH, CH and C 2 in solar revers¬ 
ing layers. 

Probably more applications of/-data are still to come in the medium 
of interstellar space for which our knowletigc is still meagre. I’or instance, 
with the availability of more reliable /-values for CH and CH+ molecular 
absorptions, it would be possible to obtain a trustworthy figure of electron 
concentration in the interstellar clouds. Theoretical estimation of /-value 
for N 2 ''‘ hands has been done lately by Bates in order to interpret the proces¬ 
ses in the earth’s upper atmospheric layers. The approximations made 
with different simplyfying assumptions have yielded the following values of 
/(A3914) wdiich are 0.025, 0.034 and 0.095. One of these values compares 
favourably with the experimental value of CM, a molecule isoelectronic 
with determined bv White^®^ as 0.026, with higher limit at 0.035. ShulB®® 
has computed the theoretical /-value for these bands (Nj^) arriving at the 
result 0.12. 

Laboratory methods of determining /-values have been described by 
Oldenberg and Rieke^®® and others. Hero the experimentally determinable 
quantity / k^.dv is the integrated absorption coefficient which connects 
the transition probability tlirough the relation 

J* k^.dv=N ... (21) 

and hence with /-value as shown earlier. 

The way in which the results of absolute intensities of electronic transi¬ 
tion i.o. /-values have been used so far, indicates their promise in future for 
the quantitative discussion of the phenomena of formation, dissociation, 
ionisation and abundances of molecules in the cosmic sources. Though the 
difficulties are numei'oiis, this field ought to be exploited botlx from the 
theoretical and experimental sides, not only for direct observations in cosmic 
sources, but also in the laboratory, by investigating the molecular radicals 
associated with cosmic sources. 

5. Transition Probabiwtiks and Combustion Phenomenon 

In the following we shall discuss the bearing of the results of transition 
probabilities in the vibrational, rotational and electronic states, on the prob¬ 
lems of combustion in some of the flames. 

Temperature dependence of distribution in vibrational and rotational 
states has been taken advantage of to see whether the emission of light in 
flames is due to (1) chemiluminescence (2) thermal or (3) pseudo-thermal 
excitation. This information is possible to bo used to discuss the combus¬ 
tion processes. The effedive tempercUurea obtained spectroscopically 
on the basis of theories can be used in conjunction with gaa temperatures 
measured by any of the standard methods,^®^»^®^ such as line reversal method 
or infra-red brightness technique to postulate the probable reactions for produc¬ 
tion and excitation of radicals in flames. 

Vibrational'. The vibrational temperatures derived from C 2 (Swan) 
tiands in reaction zones of several oxy-coal gas and air-coal gas flames by 

B9 
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Tawde anti Patel^’»^®* have led the authors to conclude that the C 2 molecules 
are not in statistical equilibrium in the upper vibrational states at the tem¬ 
perature of the source. This is in confirmity with the earlier view available 
from iion-spectroscopic evidence. However, such is not the case with 
outer envelope of the flame cone, where I^ewis and Von Elbe*®® haV’e indi¬ 
cated the existence of statistical equilibrium from the observations oif the 
infra-re<l racliation of the off-streaming completely burnt gas. 

We have carried out lately an exhaustive studyf of ethyl-alcohol flames 
in Moker buj-ner with eight air-fuel ratios ranging from 6.2 to 9.8. From the 
results of ineasurenient of intensities ami temperatures, both vibrational and 
translational, it becomes apparent that the production of Cg may be a conse¬ 
quence of thermal effects. From the relative strengths of C.^ CH and OH 
spectra, it is concluded that the poduction of Cg may not follow from the reac¬ 
tion CH-|-OH —C 2 -f-H 2 -I -26 K.cal, as proposed earlier by some workers. 
This observation is in ^•onfirmity with the view of Gaydon*®^. On the cont- 
trary, CH appears to be the product of C.^ indicative of the reaction 

a* fOH=CH* + CO 

as suggested by previous aul hoi*s*®’»*o». This is cviilent from the intensity- 
temperature behaviour of the radical in the flames relative to C 2 . Its pro¬ 
duction may not be purely thermal too. 

The OH and CHO radicals do not give the same intensity behaviour 
as either C 2 or CH. T'he re.sults for OH in inner (5one are in favour of chemi¬ 
luminescence as one expects for it. CHO shows similar variation to OH 
and may be an intermediate product between CH and OH. From the obser¬ 
vation of overall intensity of the CHO bands relative to other radicals with 
variation in air-fuel I’atios, we are inclined to discard the suggestion of Her¬ 
mann aiid Hornbeck*®® that it is not likely to be an independent system, 
but the overlax^ping of four different systems ( 1 ) Oeslanclres d' Azambiija 
system of C._j,( 2 ) Schurnman-Rungo system of Og, (3) OH, ( 0 . 1 ) band at A3428 
and (4) CH (1,0) band at A5628. This is a very substantial conclusion in view 
of the fact that the very existence of these bands which arc the subject of 
critical study in respect if its emitter at present, was tVirown in doubt for the 
first time since their discovery and classification by Vaidya**® into two 
groups. In fact Vaidya,*** in a recent paper, has applied the isotope test 
to assign the emitter of these bands by subatituimg duterium and has found 
positive evidence for vibrational shift in the A bands. 

The bands have very lately been observed in fluoj’escence in formalde¬ 
hyde and a few of the stronger members of the system have been excited 
in a dist;harged in formaldehyde by Dyne**®. This goes to support the 
original assignment of Vaidya**®. From the evidence of experiments repor¬ 
ted by Dyne and Style**®, Vaidya*** has suggested the nature of vibrator to 
be HC= 0 . 

The vibrational temperature of C 2 (Swa.n) and the flame temperature 
reveal that there is lack of equipartition of energy between vibrational 
and translational degrees of freedom. Examination of such aspects by 
including also the rotational degress of freedom would be a fruitful study. 

Rotatiorud: Taking the intensity distribution in rotational states, for 
combustion study, we find from the temperature derivations of Gaydon and 


t Investigations carried out under a scheme financed by the Council of Soientiflo and 
Industrial Research, India. 
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Wolfhard^^* on CH radicals in low pressure flames of oxy-acytelene, that 
probably no case for thermal excitation exists and that the radicals 
may be excited by collision with active species in the flame without there 
being true chemiluminescence. Confirmation of the hypothesis was obtained 
in a later investigation by the authors.^*® 

Rotational intensity investigations by us in CH (4315,3900) bands in 
ethylene-air flames have given temperatures that cannot be reconciled 
with the hypothesis of thermal excitation of the bands. The other alterna¬ 
tive, viz. excitation of chemiluminescence may explain the observed resvilts 
as per reaction; 

C2*+OH=CH*-f CO 

suggested earlier in the case of ethyl-alcohol flames. Such a reaction also 
receives support from Ourie^^* from considerations of predissociation. 

Excitation temperatures are found to be far from the true gas or trans¬ 
lational temperatures suggesting the lack of equipartition of energy between 
rotational and translatioiial degrees of freedom. Taken along with conclu¬ 
sions on ethyl-alcohol flames, this means that there is no equilibrium between 
the three degrees of freedom. Support for the lack in equipartition of vibra¬ 
tional energy as obtained spectroscopically is available from supersonic 
dispersion. As regards the lack in equipartition of rotational energy, Licwis 
and Von Elbe*^®* suggest that this may be possible too on specific heat 
considerations. 

The absolute {f-values) and Combustion'. The knowledge of radiative and 
collision lives of activated molecule is important from the standpoint of 
combustion process in asmuch as they have a part in controlling not only 
the intensity of various bantl spectra occuring in them, but also in deciding 
which of the reactions is dominant therein. Capacity of energy-rich 
molecule to retain its energy has a pai’t in the proi>agation of a chain; the 
formation of collision complexes and their stability with a large amount 
of internal energy determines also the combustion processes. 

Average radiative life t of a molecule is simply the reciprocal of its transi¬ 
tion probability A^i from state 2 to state 1 governed by the relation 

X X 0.67/ ... (22) 

P2 

where/is the oscillator strength or absolute, intensity of the particular electronic 
transition in ab.sorption. and pj da the a priori probabilities" of the two 
states. 

From the combustion viewpoint Oldenberg and Rieke^®*’'^’ made cal¬ 
culations of radiative life-time of excited OH radicals from measurements 
of /-values of absorption lines in 3064A° band in discharge through HgO 
and HgOg under high dispersion. Using these/-values the estimate of radia¬ 
tive life of the radical has been obtained as 4x10"® sec. The knowledge 
of the existence of free OH radicals and their concentration thus provided 
through OH bands and their absolute intensity (/-values) is helpful in the dis¬ 
cussion of the steps of a given reaction causing chemiluminescence. For 
instance, the combustion of H^ in hydrogen flame may be discribed by a 
composite formula 


2H8-b08^2Ha0(gas) +114.2 K cal. 


• • • 


( 1 ) 
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Obviously the reaction cannot proceed as shown with the simple collision 
of two hydrogen molecules and one oxygen molecule, without OH being shown 
as a free entity at some stage. Bonhoeiler and Haber^®^ had earlier proposed 
the following two intermediate steps for the reaction ( 1 ) above to be 
completed: * 

H hOa-i-H,—H^O 1 OH+98.9K cal ... (2) 

OH+Ha^HaO+H+lS.SKcal ... (3) 

Here we have a chain mechanism initiated by H atom and maintained by 
OH radicals. 

The OH radicals, immediatel 3 '^ on being formed, are either already 
in an excited state or get excited to upper * 2 + state of the 
ultraviolet OH bands and then dcaotivale by radiation to the 
ground state (^tt) of the transition. The excited or normal radicals then 
combine as per reaction (3) to form HgO and H. The fact that 
OH bands have been observed in absorption and emission in oxy- 
hydrogen flames bj'’ Wolfhard*^^® and Kondratiev and Ziskin^^® and that 
they have not been detecte.d in absorption in slow thermal reactions at 
650'’C., as shown by Oldenberg and others^-® supports the above reactions 
in w'hich OH radicals have radiative life time, depending on (/"-value) of the 
particular electronic transition. There is no doubt that the reactions given 
can bo interpi cted in terms of the heats of elementary reactions and the heats 
of dis.sociation of molecules. More recent work on reactions involving OH 
radicals is duo to Oldenberg and Sommers^and Hinshelwood’*"'^. 

The above considerations can be applied to the other combustion processes 
afld chemical reactions too, if quantitative test of the existence of free radi¬ 
cals and of their concentrations is applied through absolute intensities 
(/-values) of electronic transitions. 

The occurrence of CN violet s 3 ’-stem much more easily than red ON 
bands in flames an<l other sources, in spite of the requirement of more energy 
is interpreted thus in terms of its short radiative life time (r<rl 0 "* sec) cal¬ 
culated by White fx-om the measure of /-value (taken as 0.1). 

The very recent estimate of /-value for C 2 (Swan) transition given by 
Shull'^®’^ as 0.13 should mean a shorter radiative life-time than CN and 
hence much more read 3 ' occurrence of the Swan bands, a phenomena often 
met with in many flame radiations. Though work on estimation of /-values 
for electronic transitions and consequently on the calculation of radiative 
lives in molecules is considerably stimulated as a result of the development 
of these special fields, we have relatively only meagre data on these 
quantities. 

As yet, even with the available knowledge of /-values or radiative lives 
and other spectral observations of the nature discussed in this section, 
there is no finality on the kind or mode of excitation, whether thermal, 
pseudo-thermal or chemiluminecscent and the reactions suggested thereof 
for the various radicals Cg, CH, CHO, OH, etc. in the hydrocarbon flames. 
The pos.sible ways by which the observed material could be interpreted in 
terms of combustion reactions have been critically examined by Gaydon and 
Wolf hard*®* in a recent paper on the subject. 

I hope this brief survey will give you an idea of the present position of 
the theories of transition probabilities in moleonlar spectra and also show 
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how they are proving useful in probing the distant and nearer phenomena 
that are still obscure or hazy to us. Both the fields of applications touched 
here are replete with a number of fundamental physical problems that are 
to be related on the one hand, to a variety of cosmic objects and on the 
other, to technical fields of importance to society by future investigations 
on molecular spectra on the lines suggested above. 
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Cntroductjon 

Chemists and Chemical Engineers have been major contributors to the 
over-growing standard of living and to the operation of the complicated 
technical economy in which ail of us are to live. It is now a recognised fact 
that our existence is more and more dcjjcndent upon the efficiency of the 
nation’s technological skill. A statistical survey would show that it is the 
science of chemistry that is playing a greater rdle in major technology than 
an3d;hing else, and that the chemical process industries are gradually increas¬ 
ing. For this growth again, a more basic knowle<lge of chemical sciences 
is necessary. The basic science is to be developed in the citadels of univer¬ 
sities; and the industries by applying that knowledge, would offer a fresh 
impetus to pure science. The establishment of newer type of scientific and 
technological laboratories, as well as, the introduction of new and fresh course 
in various applied sciences in post-graduate training of the universities tend 
to justify the above statement. One of the objects of the Indian Science 
Congress Association under whose auspices we have assembled here today, 
is to advance and promote the cause of science in India. It is, therefore, 
essential that for the growth of the Association, we must have men of science 
from industry. This year the Association has elected one from the industry 
to the Presidentship of the Chemistry Section. For this, I must express my 
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thankiiiJness to the authorities of the Science Congress Association on my 
behalf, as well as, oi^ behalf of many of my colleagues who are working for 
the growth of chemical profession and industries in Indifi. In this connec¬ 
tion I would like to pay jny homage to (late) Dr. II. K. 8en from "whom 
1 received my early training m clieinical research (piire and applied), to 
the great savant (late) Sir P. C\ K&y, who inspired me to serve the coi#ntry 
through industry, and to (late) ( apt. N. N. Dutta from whom I learnt the 
art of science in industry. 

b'AC I’OKS I’OK TUK DjiVKnoPAlKNT OF InDII.STKIBM fN 1 n1>1A 

Tliere has l>ecn no lack of invest igational work in science in this country 
but until recently it has been carried out in academic rather in industiial 
laboratories. The method of approach by wliich s(;ience can be utilised for 
the benoht of society, wouM necessitate a sort c»f co-operative rcseai-ch 
amongst scientists of acad<unic oi-ganisations and those in industries. Home 
are of opinion that, the workers in the public institutions arc being paid by 
taxpayers and they shouUi not co-operate with those whose main con¬ 
cern is to make protits for a limited grouj}. Put t his point needs careful 
consideration, since the welfare of aii imlustrial concern in a country is of 
vital interorst to every ••itizeii and its pro.«pei‘ity virtually increases tlie pros¬ 
perity of a nation as a whole. If the iudusti-y be <’ontrollod by one authority, 
further improvement of the products is likely to bo slackened down due to 
w'ant of competitive research, and it would be dillicult to exploit the newer 
knowledge oJ the scientists as is being advanced and revealed from time to 
time. A survey might give an idea of the })enelit whieh the jmblie has re¬ 
ceived through pi-ivate enterprise and <*ouipetitioji. In no other branch 
of^thc chemical industry is competition so great as in the held of fine chemical 
and pharmaceutical iiKliisti-y. Alany iidvances in 1 his industry have rendeietl 
the llourisLiiiig ones almost useless. F<'r example, with the advent of suil'a 
therapy the anti-bacterial serum became practi<*ally obsolete; ojjo may even 
think over the future of sulfa industry in view of the new antibiotics coming 
into the field. Of course, one may raise the question of the necessity of any 
such discussion in India as our industrial activity cannot be compared with 
that of many of the more advanced countries of the West. But a nation 
that would like to advance, jiiust find out her shortcomings and take neces¬ 
sary stei>s for removing thtmi. The first question that would arise, is what 
are the causes that have been detrimental to the progress of industrial acti¬ 
vity in India. In making anj' survey it would be found that though there 
are enough raw materials in India, (hey have not been fully utilised within 
the country. Further, in industi'ial pj'aeticc we need four classes of people 
namely, artisans, technicians, technoh^gists and scientists. There are many 
artisans very thorough and expert in their line. “Some of the boys do work 
in a way which w'ould take a life time of the workmen in the British Ship- 
inents to adojit”—was the opinion of some foreign experts going round the 
Vizag shipyai’d a fow^ years ago. The efficiency and technical skill cf the 
Indian w^orkers and tec-hnitiians would be found in v^arious other fields^ also. 
But when the industry demands qualified technologists and scientists, there 
is found some dearth of people in our country. Qualified scientists for various 
reasons, social and /or economical, do not prefer to join the industry. The 
reasons for non-development of large scale industries are many, but some of 
the more important ones are recorded: 

(i) Policy of the Slater. Previously the State encouraged the develop¬ 
ment of industry from materials imported from abroad, or for materials 
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suitable for export to a foreign country. Any enterprise for building up an 
Tixlian industry on Indian work was obstructed by t-he sale of a similar 
imported product at a cheaper rate, or, by the nou-.supply of the machinery 
and the basic materials required for the industry. The Statutory I^awe 
and Regulations were also detrimental to the industrial progress of the 
country. 

(ii) Lack of Irainimj and co-ordination: The State had no (jlear-cut 
industrial policy and as a result industrial research with properly trained 
personnel was seldom conducted in any State, University or Public Institu¬ 
tion. A few linns made an attempt but they were not working in colla¬ 
boration. The scientific training also was such that i ho students could not 
make much use of the satno in industry. 

(hi) Want of co-operation amony the fnduMrialista: The Indian 

Industrialists hardly worked in tune. One firm instead of helping another 
in its mission, was found to imitate it.s jnodnets and try to lure away its 
technical experts. 

(iv) Want of patriotism and love for the Nation: In general it would be 
found that avo wore more interestotl in individual gain rather than the national 
gain. Recently some Indian firms have f ried to build up relation Avith Fo¬ 
reign firms. Most of the latter bodies are merely branches of their parent 
firms whose resources are incornparable Avith those of Indian firms. Any 
foreign private inve.stinent is to be very carefully scrutinised. 

(A”) Lack of enterprise amonrj the TndustriaJists to sjtend- money on research: 
Research is considered to bo the backbone of industry in every industrially 
developed country. T5ut in India very fcAv industrialists believed in research. 
The main ro.ason Avas that in most cases they AVere often making profit 
by oxfjorting crude products, or, by selling imported products. Naturally 
they wore more in tr.ade rather than in inrlustry. 

(vi) Outlook of the scientist/^: The sciontific Avorkers of the State, or. 
University .also did not feel the necessity of co-operative research. Anj?^ 
research team is a carefully co-ordinated and integrated group of specialists 
each adhering pretty closely to his spoci,ality but working t<Agother under 
efficient direction and administration. They must have a training in body 
and mind to move in a team. 

(vii) Want of confidence: The people in all Avalks of life must have 
confidence in themselves and should believe that others are also working 
for the interest of the community and the nation. A feeling of brother¬ 
hood and patriotism is also essential for the industrial growth of any country. 
But distrust prevailed in all spheres. 


Patent Sv.stem and Indvstkial, Development 

There are countries like SAveden or Switzerland where the industry is far 
advanced inspito of the Avant of many essential raw materials. They have co¬ 
ordinated the work, have developed t he art of chemical technology amongst 
their workers and have consequently made a rapid progress. In this connec¬ 
tion a reference must also be made to the utilization of the patents in the 
advanced industrial countries for building up their national industries. The 
patent system in India is in existence for near about a century, But the Indian 
industrialists have made a very little use of it for developing industries. In 
order to investigate why patent system has not served its purpose in India, 
a Patent enquiiy committee was appointed by the Union Government in 
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1948 who submitted their final report in 1950. The full report is still under 
careful consideration of the Union Government but as a result of an interim 
reiJort on ‘'Compulsory Working’’ of the patented invention in India the law 
was revised and has come into force from April, 1950. The amend^ law 
will prove very effective in developing industry in India, if Indian industria¬ 
lists take advantage of the revised Act. 

The value of the Patent System in promoting industry has been recogni¬ 
sed throughout the world, but unfortunately Indian scientists and industria¬ 
lists had not appreciated its value in the pa.st. Almost all the countries of the 
World have their Patent System. Even Russia that does not believe in 
private enterprise or moiiopf)lies, has patent system of their own. As 
a result of prejudice against mouojjolies Holland abolished her Patent System 
in the year 1869 when she w'aa also a manufacturing country like England, 
France and Belgium. After 40 years of experience without a Patent System, 
Holland found that export of manufactured articles dwindled and that 
she had been reduced to an agricultural country. This result could not 
be attributed to want of ciiterpriso on the part of the D\itcb as they are 
industrious people. Holland found to her cost that the change was due to 
want of Patent System, and accordingly, she re-introduced the Patent 
System in 1912. Since then, she has been able to regain past position and 
zealously maintaining her Patent System. 

Another example of the effect of the Patent System in the development 
of industries is found in the case of Switzerland. Inspite of the fact that 
Switzerland was a comparatively industrial nation, having world wide re¬ 
putation as a producer of watches and other manufacturers, she suffered 
from the American competition which was backed by technological improve¬ 
ments sustained by the Americaji Patent System. So in 1888 Switzerland 
founded the Patent System, and since then, inspite of the handicap of lack 
of mineral resovirccs like iron and coal in the country, she has become a 
leading industrial nation of the world. Her industry of machine tools and 
fine chemicals is unrivalled at present. The effective use she has made of 
the Patent System in getting this result, will be evident from the number of 
of patents (pre-war figures) as shown in Table I. 


Tabi.b I 


Namo of tho Country. 

No. of patents 
grauilorl por 
million 
population 

Switzerland 

1016 

Bel/grium 

892 

Groat Britain 

493 

U. S. A. 

394 

India ., 

o 


From the Table I it is evident that though Switzerland introduced the 
Patent System much later than the countries like U.S.A. and Great Britain, 
she has the highest number of Patents granted i>er capita of population and 
has a prominent place in the industrial map of the world by using the Patent 
System. 

Some of the advantages of the Patent System be narrated for indi- 
ating its importance: 
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(i) Patents create a situation whereby persons working in same field 
get impetus for making inventions. The rapid progress made in the field of 
sulfa durgs, or, antibiotics, has been mainly due to the existence of Patent 
System. Rival firms became interested to fintl out alternative methods for 
producing those drugs so that they could put the same in the market without 
infringing each other’s rights and also might obtain the products in an im¬ 
proved form and at a cheaper rate. As a result we find that there are now 
about 6 to 7 dozen patents on each of the above subjects. If this jjoint be 
deeply considered, it would be found what tremendous developments in 
scientific methods and ideas are to be revealed for opening tmt a new chan¬ 
nel in the production of the same material by a iliffereiit route. Thus for 
the preparation of the drug, p-amino benzene sulphonamidothiazole (I) the 
following alternative processes have been discovered ancl patented: 
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( 10 ) 


(ii) An invention dedicated to the public without protection against 
competition is actually wasted and lost from the standpoint of industry. 
This may amount to a loss of national wealth too. The production of food¬ 
stuffs or substance possessing antirachitic properties by irradiation, was 
originally the work of British Scientists. These British Scientists most pro¬ 
bably thought that public interest would be best served by dedicatmg the 
fruit of this research to the public and, accordingly they did not take out 
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a patent. But soon afterwards a patent was granted to Steenbock of Wis¬ 
consin University, U.S.A. for a modified process of irridiation of foodstuffs. 
The University not only used the patent to demand royalties in England for 
using the process but also tried to control the manufacture of Vitamin D, 
which was subsequently found to be an outcome of irradiation. Similarly, 
in early days the British dyestuff industry suffered wavy much as British 
scientists were not interested in patenting their inventions whereas Germans 
had monopolised the field by covering their inventions by patents from the 
very outset. This situation was saA'ed by a drastic change in the British 
Patent Laws so as to enable the British industrialists to take out patents for 
alternative methods for preparing the dyestuff patented by Germans in 
England. 

(iii) Inventions need development before they could be adopted for 
industrial purpose. This involved a large investment oi capital and labour 
which will not be forthcoming unless the enterprise is free from the risk of 
competition. Protection enjoyed under the Patent would enable the patentee 
to disclose his invention to industrialists without any risk so as to raise caxiital 
for working the invention on cominercial sacle . Industrialists would like 
to invest capital for the development aiul working of the invention undci* 
Patent protection as there will be less fear of cojnpetition. 

In order to t'ope with the situation industrialists woidd, therefore, have 
to expand their scientific activities and spend more money I’or research and 
development'. Here is a I’emark from the Pi’esidential sijeech to the British 
Association of Science by l)r. Sir Henry d'izzard which may be quoted: 
■‘Industrial prosperity will depend moi’e and more on the continuous appli¬ 
cation of a scienc'C to industrial x>ractice. Unless wc can raise oui‘ standard of 
technology, unless there are many more men in executive positions in indus¬ 
try whose practical experience has been preceded by a scientific education, 
we shall inevitably fail to keep our place among tlie great manufacturing 
nations”. This remark is of considerable significance in India. We have 
ah’eady several national laboratories, we have now a technical school on 
the model of the Massachusetts Institute of Technology. It is expected that 
we would in near future, get a band of trained men in various fields for our 
industries. These scientists and technologists must also be trained in body and 
mind, as in practical fields they must know each other and will have to work 
in co-operation. This is more so in modern drug industry as the discovery of 
a new'er drug and its largo scale production for the use of the common man, 
demand co-opei*ative research and co-ordinated work from different and 
diverse types of scientists and technologists. The evaluation of a new 
antimalarial, the isolation of an antibiotic, or, the synthesis of a potent 
keto-steroid shows how the whole science of chemistry with all its ramifi* 
fications is in need of being pressed into service for making any advancement 
in modern therapeutics. Malaria, which is one of the world’s greatest disease 
problems, causes 3,000,000 deaths a year, putting more than 300,000,000 
people into sick bods and destroying vast productivity. The antimalarial 
that has been in use for a very long time is quinine. Its drawbacks as well 
as its non-availability during the first World War led the Gei’man scientists 
to search foi* active synthetic compounds. Flasmoquin (Pamaqu n) is 
practically the first synthetic anti-malarial but its toxicity induced th in¬ 
ventors (the Germans) to carry on the investigation further. This atte mpt 
helped in the production of “Atebrin” which was in large demand du®ring 
the World li^r II. But “Atebrin” causes pigmentation and needs daily 
administration for the suppression of malarial attack. A more highly effec¬ 
tive non-toxic suppressive drug was needed, and extensive investigations 



8 


Proc. 4i(Hh Ind. Sc. Oong. : Part II : Presidential Addresses 

carried out in Germany, England and in (J.S.A. resulted in the production of 
drugs like ‘'Ghloroquinc”, “Paludrine” and Hr>i'ne others; but all are from 
the factories of countries abroafl. 


niFticuLTiEs IN Production • 

-Let us consider the problem that may arise in the production of a mate¬ 
rial, say, for an antimalanal drug in quantity. If we take a known product 
like At.ebrin, then tlie requirement for one course of treatment for 100 mil¬ 
lion sufferers in India would roughly be 3,83,000 lbs. If some of our people 
are treated \vith quinine that is being produced in the country (approximately 
{>0,000 Ihs.), even then the requirement for Atebrin (mepacrine) would reach 
a ligure of 3,10,000 lbs. The essential chemicals for its manufacture are 
toluene, benzene, acetone, acetic acid, niti’ic acid, hydrobromic acid, alkalies, 
fusel oil. chloroform, phosphorous oxychloride, tliionyl chloride, chlox'ine, 
metallic sodium and diethylainino ethanol (or simple diethylamino). The 
“know-how” is and was known to some scientific woi-kers of the country, 
liut, for its manufacture the chcnulal industries would have to supply consi- 
dei'able amount of materials as mentioned above. Some of them like tolu¬ 
ene, benzene, acetone, fusel oil etc., were being jxroiluccd in the country 
but their supply was restricted for strategic reasons during the War periods. 
Metallic sodium. phosphorous oxychloride, thionyl chloride, and diethy- 
lamine were not and are still not available within the country. An indige¬ 
nous profiuction, therefoi'e, ilemands the availability of the above materials. 
Some may, however, bo imported from abroad. America too, before World 
War 1, or immediately afterwards, produced many syntheticals from inter- 
,inediates importexl from Germany. But for national interest a start was 
made for production within the county; developments followed and the 
country gradually' became self-sufficient in its essential requirements. A 
point is to be mentioned that production of organic symtheticals is also largely 
dependent on the ready supply of common inorganic materials like sulphuric, 
nitric and hydrochloric acid, and that again of different strength and purity. 
The question, naturally arises whether we were self sufficient in that resiiect 
and w'hether we are still in a position to meet our requirements. The 
shortness of sulphur is cau.sing an unbearing headache to those who are in¬ 
terested in the manufacture of sulphuric acid in India till now. Similar 
question may be raised on the availability of other common materials like 
caustic soda and soda ash from indigenous sources. Apart from the want 
of certain intermediates, solvents, or gaseous products, the manufacture of 
drugs, pharmaceuticals and fine chemicals involves a series of operations 
that need various equipments and appliances. Full scale development 
of the industry would demand the availability of all these materials within 
the country. Successful production of chemical plants and machineries 
would again necessitate the development of special steel and non-ferrous 
metallurgical industries. Availability of the different typos of metal sheets, 
pipes, rods and plates, knowledge of designing and production of certain 
electrical and mechanical equipments are at the root of the development of 
chemical engineering plants. Again, in producing chemical pre^uots in 
<{uantities the chemical industry will have to consume considerable amount 
of cheap electric power for process working. Proper performance demands 
accurate and reliable application of electric power for primemovers, genera¬ 
tors, switch-gear agitators, grinding machine, pumps, blowers, compressors, 
pulverizers, crushers, heaters, furnaces, and many other chemical plants 
in installations. A thorough training and application of the knowledge 
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of design as well as trained service men to keep everything running, are 
absolutely essential for the economic progress of industries. It may, 
however, be now said that a good start has been made in all the above direc¬ 
tions, and the move would soon acquire a momentum provided we remain 
patriotic. There might be some pitfalls in our training centres, or, in the Tun¬ 
ing of our industries. But it may be expected that the All India Council 
of Techixical Education would look into the former, and the newly formed 
Central Advisory Council under the Industries Act 1949, would provide a 
vital link between the State and the Industry for the purpose of jxromoting 
sound industrial development. 

Inspitc of many shortcomings, the Indian infant industries in certain 
cases made attempts to produce several products for ameliorating the suf¬ 
fering conditions of the people. Unfortunately, many such attempts have 
been frustrated partly duo to absence of the timely response from the State 
authorities, partly due to the shortcomings in many of the Statutory Acts 
and Laws, and partly due to want of patronage from the i)ublic. Attempts arc 
now being made to rectify these but it is to be noted that tlie jxre-requisite 
for taking the fullest advantage and benefits of science thrfmgh industries 
is the creation of a co-operative sjxirit amongst the State, the University 
and the Industry. The scientists of the divergent units of the country should 
adhere to their own path of axiom and try to reveal more and more the newer 
knowleflge of science and technology. The industry sliould again xinderstand 
that for the University and the State that are to remain in constant touch 
with the public, nothing is more liarmful than secrecy. The Government 
should also feci that planning ixiade from the cerxtre cannot be perfect 
as the <lecisions made by a Central Authority can be in broad terms only. 
The scicticc has c-omc to a stage wlxere any new w'ork would need help from 
workers in t.he different fields. This would be more clarified, if we consider 
the problem of evolution of a drug. Let us take again the case of a new anti- 
malarial. 


Work for Evolution of a Pbodxjct (AntimalarialI 

Wo possess several suppressive drugs of great anti)nalarial effect. 
The clinical manifestations of malaria can now he suppressed by w'^eekly 
drug administration. They are effective in controlling the blood-stream- 
infection, but they do not sterilize, it. The antimaJarials in common use, 
are unable to act on the “sporozoites” (form of malaria parasite injected by 
the mosquito at the time of biting). We arc not very definite about the fate 
of these malarial parasites. Eairely^^ made a notable observation that the 
sporozoites introduced by infected anopheline mosquitoes could be detected 
in the peripheral blood only for 7 to 30 minutes after the bites, that, there¬ 
after, a perio<l of 6 days in the case P. falciparum and eight days in the case 
of P. vivax a non-infectivity followed. The malaria parasites retreated into 
some internal organs. After this incubation period they reappear in the rod 
blood corpuscles. If these sporozoites could be killed at this early stage of 
their life cycle (i.e., within the first 6-8 days) inside tlxe solid tissues, it is 
obvious that actual prevention of malaria w'ould immediately be achieved. 
A chemotherapeutic research would, thus, demand a complete knowledge 
nf the biology of the malarial parasites, their action on the drug-host system, 
the various enzymatic reactions involved, syntheses of suitable chemical 
agents which would attack the sporozoite development stage, or destroy the 
exo-erythrocytic forms, their production and subsequent uses as prophyl¬ 
actics. 
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Plasmoquin (pamaqiiin), the synthetic antimaJarial, ia prophylactic 
in both vivax and falciparum infections. Its curative properties in vivax 
malaria arc evident from reduction iti the relpapse rate of the disease 
after treatment ^vith this drug in combination with quinine. Iti very small 
doses it abolishes the sexual forms of the parasite which transmit the disease 
to the njosquito when it sucks blood from infected mail. Put its great draw¬ 
back is its toxicity particularly when administered to <larkcr skinned races 
and it is ofttm so great that it precludes prolonged administration in endcniic 
areas, ^'arious types of compounds have been synthesised but none 
possesses those characteristics by which they might stop relajises and thereby, 
cure vivax malarial infection. 

The only known drug having curative properties in this disease is the 
plasmochin or its other homologucs—all derivatives of S-amino- juinoJines 
(c/., I'airley^"). The qucstioii arises wherein lines the property of killing the 
tissue stage of P. viva.t in 8-arninoquinolincs and what are the causes for their 
toxicities ? Kxtensive investigations have been directed towards the synthe¬ 
sis of some more effective procUict by altering the aide alkyl amino chain 
retaining the basic character of 8-amino-quinolinc unchanged in jiamaquin. 
Lengthening, or, branching the side chain, alteration in the state of termi¬ 
nal nitrogen, or, size of the terminal alkyl group influences to some extent 
the toxicity of the comiionnd (Basu^^). Pcntaqiiin, 8-(5'-isopropylammo 
am^daminol-b-inethoxy quinoline (i\lving^‘’), has gieater curative activity 
ami lower toxicity than parnaquin. The iso-x)entaquinc. 8-{4'-isopropylamino 
-I'-inellivl butyl amino) -6-methoxy quinoline, has the onlv ailvantage over 
pciitaquin in that the margin between the effectivx* therapeutic dose and the 
rpaximuiji tolerated dose is greater. The primaquin is still less toxic (Edg- 
comb, Pt Linking with a newer type of side chain, like phenyl biguanide 

(r/., Basu et the antimalarial activity is retained and it is of interest 

to note that if the above bignanide linking is changctl by a simple giiani lino, 
the antimalarial activity is practically annulled. Simple guanidines, how¬ 
ever, exert pronounced activity against syiorozoite-induced infection of 
P. gallitutreum in chick. Bci^ause the malaria organisms parasitize the red 
cells it is most natural to expect that the efficacy of an antimalarial w'onid 
depend to a considerable extent on the concentration one may attain in the 
red cells. ''L’hc observations of Toggart et al.^^ show that such concentration 
of different drugs varies considerably. Mepacrine, Chloroquin, or, Pro- 
gnanil is soluble in the rod cells in the same proportion as in the plusma; 
whereas concontration of quinine with the red cells is only one-eighth of that 
in the plasma. This explains at Last in part why the high doses of quinine 
are necessary in the treatment of malaria. The solubility of a drug would 
depend on rate of absorption of the drug from the alimeiitary canal, the 
competition between the red cells and other body constituents for the drug, 
and the rate at which it be degraded in, or, excreted out of the system. 
The behaviour of mepacrine*®, chloroquine®®, and Paludrino®^ has been con- 
sifWably studied. They are rapidly absorbed and peak concentrations are 
altainetl within a short period. Quinine and 8-aminoquinoline differ from 
them in the speed "with which they disappear from the body. These drugs 
undergo degradation and it is still a problem whether their activity as well 
as their toxicity is due to such alteration. Archibald and Weisiger*^ are 
of opinion that the toxicity of plasmoquin ia duo to the formation of a 
complex Avith aldehyde or ketonic bodies in the system. It is of interest to 
note that the plasma concentration levels of 8-aminoquinolines might be 
considerably increased by concurrent administration of mepacrino and 
paludrine but not of quinine {cf.y Zubrod, Kennedy, and Shonnon^^ and 
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Jones et al.^). It is, however, the quinine that enhances the curative 
effect of 8-aminoquinolino3. similar potentiation of the activity of 
j>la3moquin has been noticed by W alker®'* in concurrent administration of a 
naphthoquinone derivative, 2-hydroxy-3-(2'.methyl octvJ)-l:4.naphtho- 
qui jonc. To account for all these phenomena, one will have to study 
the fate of those drugs when administered into patients suffering from 
malaria. This would, simultaneously lead one to study the biological 
characteristics of the malarial parasites, and the whole drug-host parasite 
relationshix*. Existing knowledge is scanty and a thonmgh investigation 
on the above problem will be of great interest. The Council of Scientific 
an J Industrial llesearch. Government of India, has sponsored a scheme 
on thi^ complicated nature of work. This is being followed with enthusiasm 
in the Bengal Immunity Research Institute and is gradually getting a 
momentum. 


Antimalarials and Malarial Parasites 

Inspite of the investigations so far carried out on the malarial parasites, 
inspite of the availability of so many schizonticidal drugs, and inspite of oiir 
recent knowledge of the tissue forms of P~vivax responsible for Iho niainte- 
iianco of the malarial infection, we have no weapon to destroy the lain exo~ 
erythrocytic forms of the parasites that cause relapses. What wo need today, 
is a basic information on the host-parasite relationship in the presence of a 
drug. Until recently, we were not even aware of the fate of the parasites 
after their entry into the peripheral blood. Shortt'® hi 1950 demonstrated 
the jircsonce of pre-cr 3 dhroeytie forms in human malaria. He allowed 2010 
mosquitoes infccteil w'ith P. vivax to bite a human volunteer on two succes¬ 
sive daj'S. The volunteer was operated upon seven rlaj'S later and a piece 
of liver removed. On examination this was found to contain schizonts of 
P. vivax. These schizonts measured upto 42//, in diameter and 7 /lays old 
contained over 1,000 nuclei. It proved conclusively the existence in vivax 
mal.ai ia of prc-er 3 ''throcytic forms in the parenchymal cells of the liver. I’liey 
woidd remain unaffected by the natural immune bodies, humoral or cellular 
or both. The problem would be to destroy the parasites at this site or even 
before thc^' enter the parencliymal cells of the liver. For this wo must know 
how tlic parasite maintains its metabolism. The common belief is that the 
respirator.v mechanism in malarial parasites follows almost the general scheme 
of biological oxulations. Christopher and Fulton®’, show^e/l that antimalarial 
drugs like quinine and atebrin inhibit the oxygen consumption of malarial 
parasites. Silverman et al.^^ noted that quinine at a concentration as low as 
6 X 10 ® il/ inhibits the respiration of suspensions of parasitized erythrocytes. 
The m vitro action of mepacrin at low concentratjons on the metabolism 
of Plasmodium (jallinaccum appears to be similar to that of quinine in causing 
an inlnbition of oxygen uptake which is associated with an increased forma¬ 
tion of lactic acid— a normal glucose utilization. Acconling to Speak and 
Evans®®, the mode of action of quinine and atebrin on malarial parasite is 
probably due to the inhibition of some oxido-reduotion enzymes somewhere 
in the oxidative breakdown of pyruvic acid to carbon-dioxide ami w'ater. 
Hass®® has found that the antimalarial drugs like quinine and atebrin have 
got an inhibiting action on cjd»chrome reductase and cytochrome oxidase, 
ami only mepacrin, not quinine can inhibit glucose-6-pbosphate dehydro¬ 
genase. Haas has further observed that quinine is much less effective 
than atebrin as respiratory inhibitor. Our observations also establish 
that mepacrin (atebrin) has got a greater inhibiting action on 
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succinic dehydrogenase prepared from Plasmodium gallirutcewm than 
quinine. The inhibition of succinic debj^drogenase by quinine in. 
vitro apears to be insignificant in comparison with its antimalarial 
elfect on the malarial parasites. Moulder*^, in studying the inhibition of 
pyruvate oxidation on malarial parasites, noted that the inhibition in case 
of quinine was much greater when the antimalarial was allowed to act in 
vivo. This naturally jjoints to some change in the molecule of quinine and 
suggests that a metabolic product of quinine is more active than the alkaloid 
itself. Similarly in case of the drug paludrine, it has been recently claimed 
(c/., Carrington et that a triazine derivative formed in the system is the 

active substance that might be responsible for the characteristic antimalarial 
property of y)aludrinc. Inhibition of the function of an enzyme system in 
in-vitro experiments, is not being found to be proportional to the concentra’ 
tion of a drug (c/., Silverman et This has also been noticed in our 

Institute during the study of the action of quinine on succinic dehydro¬ 
genase. 

The interesting observation that has been recently recorded during the 
biological studies on malarial parasites by one of our colleagues, is that the in¬ 
hibiting action of quinine on succinic dehydrogenase can alm<)st be complete¬ 
ly reversed by an equimolar concentration of cysteine. This reversal suggests 
that the action of quinine is due to suppres.sion of the activity of the sul- 
phydryl group of the enzyme. The latter might be either for the oxidation 
of the -SH group, or, for the formation of some additive complex. We cannot 
say definitely by which mechanism quinine inhibits the enzyme—succinic 
dehydrogenase. A survey on the literature shows that antimalarial drugs 
possess a general tendency of inhibiting the SH-enzymes, e.g., glucose -6- 
phosphate dehydrogenase by atebrin (c/., Elaas®®), d-amino acid oxidase 
by atebrin by Wright anrl Sabine*®, phosphatase of co-carboxylase and yeast 
carboxylase by most of the common antimalarial drugs by Silverman**, 
hexokinase and phosphoglyceraldehyde dehydrogenase by quinine and ate¬ 
brin (r/., Marshall*’) and succinic dehydrogenase by several drugs as observed 
in our laboratory. The latter enzyme is also inhibited by naphthoquinone 
(c/.. Ball et uL**). Working further in this direction, it has been noted by 
Butta ** in the Bengal Immunity Research Institute that quinine inhibits the 
enzyme system responsible for the transformation of a-keto glutarate to suc¬ 
cinate in Krebs cycle. This enzyme system is known to contain an active 
sulphydryl group and has been further observed that the above inhibition 
by quinine can be partially reversed by BAL, or, even sulphuretted hydrogen 
water. Question may be raised as to whether these point to the necessity 
of compounds capable of reacting readily with sulphydryl group ? Any 
conclusion, however, would be premature, particularly as malarial parasites 
act through different enzyme systems. 

It has been already mentioned that a biguanide, N^-(6-methoxy-8- 
quinolyl)-N®-p-raethoxy phenyl biguanide, exerts the characteristic anti- 
malarial activity but the N‘‘(6-methoxy-8-quinolyl)-N*-p-methoxy phenyl 
guanidine is inactive. In our study with succinic dehydrogenase we find 
that the former has got a high inhibiting action on succinic dehydro¬ 
genase whereas the latter has little action. A study with the lenzyme 
system thus, apparently, tends to offer a clue to the problem, but it is to 
be remembered as the antimalarial-malarial parasites relation is a very 
complex one, it would be difficult to arrive at any concl^usions without 
thorough and extensive investigations in diverse Sections. We know 
that paludrine, an active antimalarial, exerts no action on the malarial 
parasites in vitro. Its in-vivo activity must then be due to some meta- 
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bolic change. Quite curiously, we have noticed** again that the supposed 
metabolite, the diamino triazine derivative, has no better inhibitory action 
at least on enzyme succinic dehydrogenase than the parent compound, 
paludrine or quinine (Vide Table II). 



Tables 

II 


Drug 

Cencen t ration 

Reduction time of Methylene Blue 
(1 ; 10,000) in Minutes. 



Drug 

Control 

Triazine 

Derivative 

2x10’* M 

7 

7 

Pahidrino 

Do. 

11 


Quinine 

Do. 

20 

10 


♦1 : p-chlorophonyl-2 ; 4-dmtiiino-l : 6-dihydro-6 : 6-diniothyl-l : 3 : G-triazino. 

Obviously, the supposed metabolite of paludrine is again ac-iing through 
a difVerent enzyme system. This, therefore, warrants further study. Sc.h- 
midt*” and his collaborators have also shown that the activity of the triazine 
derivatives is not of any high order when assayed against P. cynomolgi infec¬ 
tions in the rhesus monkey. It is to be noted that the mode ot action of the 
majority of antimalariala is still obscure.. Many of the antimalarial drugs 
might interfere wdth a number of reactions essential for the metabolism of 
the parasites but it is to be shown that such an inhibition is responsible for 
their antimalarial reaction (r/. King and Wright*^). In any attempt to under¬ 
stand the way in which an antimalarial drug may act on the malarial parasite, 
a knowledge of the metabolic process characteristic of all stages of malarial 
plasraodia and then, the morphological changes induced in malarial parasites 
by a drug, is necessary. The M'ork so far carried out on the morphological 
changes in malarial parasites, tends to show that a considerable number 
of drugs of widely differing chemical constitution exerts an influence on the 
erythrocytic stages. The exo-erythrocytic forms of certain parasites 
can be destroyed by 8-amino quinolines, hydroxynaphthoquinones, bigua- 
nides and sulphonamides; whereas the gametocytes arc directly attacked by 
8-amino quinolines only. Several hypotheses have, howevc'r, been placed from 
time to time and these have enabled the workers in the line to make a fresh 
attempt for the synthesis of newer type of compounds. The antimalarial 
activity of quinine and methylene blue has led to the synthesis of plasmo- 
quin. The latter has given rise to atebrin and chloroquin. The biguanides, 
pyrimidines and the triazine antimalarials are again outcome of the study on 
the nutritional requirements of the malarial parasites. The diflSculty has" 
always been with the observations from in vitro to in vivo studies. Quinine 
changes to a 2-hydroxy derivative but the latter is not the active product. 
Plasmoquin is believed to be oxidised to 6-hydroxy dciivative and it has 
been shown that 5-alkyl or aryl derivative exerts no antimalarial activity. 
Paludrine is not so active in vitro and it may be said now that it under¬ 
goes a metabolic change to give some other product more active against 
the parasites®*. The 6-methoxy 8-amino quinolines have been found to be 
more inactive in vitro in comparison with the corresponding 6-hydroxy 
derivatives, although the latter bodies exhibit in vivo little or no activity 
against tissue forms of P.vivax (cf., Alving ^* and Greenberg**). The in-vitro 
inactivity of pamaqriin or pentaquin suggests that the antiplasmodial activity 
of these compounds is associated with the metabolic intermediates. Schon- 
holfer** has postulated that the antimalarial activity can be expected only 
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of those S-amiroquinolines which can undergo biological oxidation to quino- 
nimincs and quinones. The 8-amino quinolines have been found not to 
possess the marked antimalarial activity associated with the drug in vivo. 
Joscphson, ct al** have shown that pamaquin undergoes a metabolic 
degradation to a product more active in vitro and showing characj^eristic 
of a 5:0 quinoline tjuinonc. Of course, the si<le chain of pamaquin may also 
undergo some oxidative change (r/., Titus*'*). It is believed that the 
elucidation of the metabolic fate of these compounds will materially assist 
the rational development of more effective and less toxic curative antimala¬ 
rial drugs. Tlie work so far carried out tends to establish that the in vtiro 
activity of S-amino quinoline is due +o its oxidative changes and one of the 
products of flcgradation must at least be 5:6-quinoline quinone (r/., Drake^® 
and JosciihsoiT*"). The 5 or 7-hydroxy derivatives would be more suscep¬ 
tible in such transformation and as a matter of fact 5-hydroxy-6-mclhoxy- 
8-(jso propyl amino amyl amino) quinoline has been found to be more active 
than the corrc.sponding 0-methoxy-8-(isrpropyl amino amylamino) quino¬ 
line. and 5:6 -dihydroxy compound has been isoJated from animals treated 
with 0-methoxy or even 6-hydroxy-quinoIinc. An additional methfixy 
group in the 5 position on the quinoline ring increases the toxicity of the drug 
(Alving**). It i.s obvious that active degradation product of pamaquin is 
not a C-hydroxy compound. But since 6-methoxy-8-aminoquinolino cleriva- 
tive (pamaquin) is inactive against tissue forms of P. f-nUinacevm in vitro 
{cf., Tokin^**), .so the activity of pamaquin in vivo mn.st bo attributable to 
some of its biological degradation products. The problem now is what is 
this product ? 


Tlie quinoline derivative like quinine may also be oxidised to the 2 -h 5 ’’dro- 
^y compound. Bnt the earbostyril derivative from quinine as well as from 
a 8-aminoquinoline is less active tlian the parent compound. Further, 
as substitution at. the 5 position of pamaquin by an alkyl or aryl group 
annuls its antimalarial activity, the biological degradation product from 
6-methoxy-8-aniinoquinoline may be some quinonimine (c/., Schonliofcr*®), 
a typo of compounds which might exert an antimalarial reaction by 
themselves. 


CH,0 
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A compound of ihis nature would also easily react with sulphydryl group. 
This has already been postiiiatod while discussing the drug-enzyme reaction 
at the earlier part of this addrtsss. 

In course of our investigation with 8-aniino quinoline derivatives wo 
have to synthesise various derivatives in the light of the above metabolic 
degradation of the heterocyclic ring. Blocking the 2 -po 3 ition by a methyl 
group, keeping the 5-position free for metabolic changes and the 8-amino 
group of the quinoline nucleus unsubstituted, we have obtained compounds 
of the tj'^pe: 

NH -on 

I ^- ti Et 

CH,0. 

.CH, 

I N 

NHa 

This compound from preliminarj' screening tests with P. herghei^ P. 
relicturn and P. gallindceum is being found to j^ossess deliniie antimalarial 
activity. The ratio between effective and the toxic dose is considerably 
low. It would bo of considerable interest to study its efficacy in human 
malaria. It may be further noted that its effect on pyruvic acid oxidation 
is almost similar to that of quinine in inhibiting the oxygen consumption. 

The inerlnoss of the triazine derivative as has been isolated during the 
studies on metabolites of paludrine in such type of inhibition, raises a fresh 
problem of investigation. More than 12 dozen compounds of triazinc.5 have 
been previou.sly studied in vain but tJiis triazine is of somewhat, different 
type and study with this seric.s of compounds might be of some added interest. 
As a matter of fact, it lias been found'*®'*'® in our hands that 2:4-diainino-l-p 
-sulphonamidophenyl-1:6-dihydro-G:(»-dimethyI-1 dliS-triazino is jiractic'ally 
non-toxic and is cffooliv^e against P. beryJiei infection in mice of average 
weight 15 to 20 g. at a dose level of 15 mgm per Kilo; whereas in case of 
quinine and paludrine it comes to 75 and {) mgm per Ivilo respectively. The 
Table III would give an idea of the activity'. 

Tabt-k III 

Pabasitks ti.sKn : Pi.ASMonxuM PEnoHKt 
Animai.: Mick of avkiiaok weioiit 20 gm. 

iMOCUtUM INJECTED : 1 MICMON INFEl.TED n.U.C./O. INTJtArEniTOXKAIA-Y. 


Drug- 

Doso in 
mgm. 

Days of 
Prapatont 
paroHitoinia. 

No, of 
i.ifoctod 
r.b.c. out 
of 500 r.b.r. 

Di'^tribiitioii cf 
para’vit^is by btages 
of growth. 

QuLiLie 

1.0(0) 

1.6(0) 

2.0(0) 

2 .( 2 ) 

4 (2) 

6 (2) 

I2(is;i) 

7 ( 300 ) 

16(220) 

UAiaoginootod foriiLs- 

»» 

*• 

PaluciriAio 

0.16(0) 

0.2(0) 

0.26(0) 

3 (2) 

3 (2) 

3 (2) 

43(210) 

10 ( 290 ) 

lOf-.’OO) 

All (Hi.iga in 

exoosft)- 
Unsegmanted. 

•• 

Triua^Lie Derivative 

0.3(0) 

2 (z) 

rt>{ZOO) 

Di3tv)rtod riags- 


0.6(0) 

2 (2) 

20(200) 

•« 


1.0(0) 

4 (2) 

6(220) 

Unaegmented. 


2.0(0) 

4 (2) 

3(282) 



JMsures in paroathesiF *»ro Fur v«Hi.ruI ciApoiiiiio..ui. 

In all control experunenta the presence of parasites in all stciges of growth was 
noticed in plenty. 


Ifi 
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All those tend to show what amount of investigations woxild still bo 
necessary^for the evolution and the commercial production of an antimalarial 
of choice. 


Nejsd for Consolidated Development 

For any material progress of tlie country we will have to offer tlie millions 
food as well as armaments to fight against disease. In both the spheres 
chemists and ohcmical engineers will have to play a greater role. I'he Pla¬ 
nning Commission has placed the Government’s plan for investment in 
industi'y and has already fixed the targets of ]>roduction of various 
chemicals like superphosphate, ammonium sulphate, glass materials, acids, 
soda ash, caustic soda, salt, paper etc. In pharmaceutical lines preference 
has been given for the production of insecticides, antibiotics, sulpha drugs, 
anti-leprosy and auti-dysenteric drugs. It is true that we cannot expect 
better production if millions suffer from either nutritional or communicable 
<liseases. For controlling any such disease, say bacillary dysentery iid'ec- 
tions, we may need 80,000 lbs of sulfadiazine and 20,000 lbs of suliihanilyl 
benzamidc (c/., Ilasix For the treatment of leprosy wo woidcl now 

require for each patient about 2 lbs of the drug, diamino diphenyl sulpliono. 
In controlling mortality from tuberculosis we may need thousands of pounds 
of thioseraicarbazone or hydrazine drugs. It is believed that at least one 
in every c->ne hundred and forty of us is infected with tuberculosis. If then, 
wo even make an attem£jt to treat at least 1 million patients suffering from 
tuberculosis with any new .synthetical anti-T.P.—drug, quite a large number 
of chemicals would be required (cj. Jiasu®^). It can be ea.sily imagined what 
amount of inorganic and organic chemicals Avould be neccssarj'^ for the pro¬ 
duction of various drugs and pharmaceuticals which the Planning Commission 
has envisaged. Stexia for actual production of all necessary mcterials are to 
bo taken. These may involve chemical, mechanical, electrical and allied 
processing. Another a.spcct of the problem involved in fine chemicals and 
pharmaceutical industry is often ignored and this is on the requirements of 
various accessory materials so essential for placing a product in the street 
corner shop for dispensing to the suffering and/or consuming public. Glass, 
rubber, cork, linen, oily materials, geological products and many others of 
standard quality would be in demand to meet the requirements. Those 
again tend to show what amount of consolidated development is essential 
for a full fledged growth of fine chemical and pharmaceutical industry. 

Many of the audience perhaps do not know the tragedy of many young 
lives cut off in their prime by an attack of tetanus or diphtheria during 
the first World War; similarly in view of flooding of the market with various 
foreign xiroducts at the moment it is difficult to believe that India produced 
a considerable amount of her requirements during the World War II. The 
Pharmaceutical Industry has made a progress during the last two decades. 
But for better expansion the manufacturing concerns arc to direct their acti¬ 
vities more to the promotion of different varieties of products and siiecially 
to research work on new products. It is, however, to be noted that the ad¬ 
vance made in any drug research and chemical industries in foreign countries 
is mainly due to the healthy co-operation amongst the various scientists 
following the profession of chemical science on the one hand and biological 
sciences on the other. Further, it is to be noted by all that the first few 
years of manufacture of any chemical seldom yield profits and the productions 
have to be carefully nurtured to get a momentum for its growth. Without 
a sense of patriotism and of national pride, it would be difficult to develop 



Section 4 : Chemistry I? 

any industry and without a similar sense being aroused in the minds of those 
who hold the purse-strings of finance as well as of those who are controlling 
the state policies, it would be a dream to think over self-sufQ.ciency in essential 
requirements of our country. 

A word be added now on pure research, i.e. a research not intended to 
provide some product or gadget that has any sales potential but one which 
is solely for the purpose of extending the frontiers of human knowledge. 
Pure 1 ‘eaearcb is actually the source of all our present technology and indus¬ 
trial achievement. It may be remembered that at the back of every com¬ 
mercial product made and sold by industry, there lies a long list of data care¬ 
fully collected by a group of men,-humble scientists,—wt>rking in obscurity 
and in their laboratories, often un-noticed and wdthout acclaim or recogni¬ 
tion during their entire life-time. Any financial sin)i)ort to such a student 
of pure science may have no direct and/or tangible benefits to the donor, 
but the intangible return is incalculable. In the words of Sir J. J. Thompson 
pure science is the seed of applied science and to neglect pure science would 
be like spending a very large amount of manviring, and ploughing the land, 
but to omit the sowing of any kind. It is difficult to induce into the minds of 
businessmen as w'ell as politicians the need for supporting a work where there 
appears not the slightest chance of some immediate practical ap|>lication 
and/or, materialistic gain. The country needs a band of philanthropic 
industrialists and capitalists who would not grudge to allocate funds to a 
silent, sincere and honest worker for collecting and recording some data 
which on integration in future will alter the trend of civilization and/or path 
of human knowledge. Whatever has been expressed so far, demantls an 
adjustment in the elements of our human character. Por such achieve¬ 
ment, education is necessary from the very early stage of training for 
creating a co-operative mind with a national outlook. 

POHMATION OF A BoABD FOR Co-OrI>I NATIONT 

It appears, therefore, that in taking to a profession of science in industry 
one has to learn the fundamentals of his pai-ticular branch of scsience and 
technology, a clear conception of modern trends in economics and a deep 
appreciation of human relationships so that he may be useful in a costly busi¬ 
ness for industry. Such requisites demand that the University should have 
visiting lectures from industry and imlustry might similarly send members 
of technical staff to tmiversitios for rofre.sher coui'ses. On the other side, 
there should be a close co-ordination of the different IVIinistries—Commerce, 
Finance, Health, Education and Industry, of the States as w'ell as of the Union 
as has already been recommended by the Fiscal Commission. All these 
bodies should remain in constant touch with the developmental work of the 
industries. The Tariff' Commission might help in guiding the trends of future 
production and the Development Council formed under the Industries Act, 
1949, would certainly suggest the forms of efficiency for all-round industrial 
progress. A better policy still seems to be to set up a small liaison committee 
of each major industry consisting of leading technical men of the Industry, 
representatives of the University faculties responsible for the studies appro¬ 
priate to that industry, and suitable persons from the Directorates of I'elevant 
departments of the States. A direction from such a body with an adminis¬ 
trative head, or Chairman will be more helpful and offer methodical guidance 
by pointing out that concentration on too many items in too small units, 
is detrimental to the advancement of technical learning as well as to the 
growth and expansion of industries. Such a Board may also suggest newer 

3 
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<;iiaiuiel:j of industries and thereby, help in shaping Indian industries to the 
l>est atlvantage of the society and the country. Science cannot exist in iso- 
latioji but must take into account its relationship with industry and society 
in general. 
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Problems In the Correlation of the Pre-Vlndhyan Igfncous Rocks of Rajasthan. 


I deeply appreciate the great honour which the Indian Science Con¬ 
gress Association has conferred, on me by electing me to preside at this 
Section of Geology and Geography. On looking back at the past sessions 
of the Congress, I find a brilliant galaxy of my predecessors, some of 
whom have been the real makers of Indian Geology, and on looking ahead, 
I find there are. far more qualified members who could have discharged 
the presidential responsibility more efficiently than myself. However, I 
accepted the office, fully conscious of my own limitations, because I felt it 
is not only a greiat honour to me personally, but also to my Institution, 
Indian School of Mines and Applied Geology, which has been called upon 
to supply three Presidents to this Section during the last twenty three 
years. 

I have selected for to-day’s Address, a subject which draws our at¬ 
tention to some of the problems which still await solution, regarding the 
correlation of the pre-Vindhyan igneous rocks of Rajasthan, with the 
geology of which I am a bit familiar, in as much as, it was in Danta 
State (a border state, at that time in Gujrat) that I had my first initia¬ 
tion in field geology under late Prof. K. K. Mathur. Some of these pro¬ 
blems, when rightly solved, are likely to have a great bearing on the 
correlation of the sedimentaries of Rajasthan and the adjoining region to 
the south. 


I. PRE-VINDHYAN FORIHATIONS OF RAJASTHAN 

Our present knowledge of the Rajasthan geology is mostly based on 
the works of Dr. A. M. Heron, Mr. B. C. Gupta, Mr. P. N. Mukerjee, Dr. 
A. L. Coulson, Dr. P. K. Ghosh, Dr. J. B. Auden, Dr. H. Crookshank and 
others. Dr. Heron spent in Rajasthan, during his service in the Geological 
Survey of India, more than twenty field seasons; and so, he may be 
regarded as an authority on the geology of this state. 

According to Heron (1935, p. 17), Rajasthan can be divided into four 
geological and physiographical regions, of which the eastern region 
consists mostly of the Vindhyans, some little altered Archaeans and some 
Deccan Trap; and the western region, of sandy plains with scattered out¬ 
crops of Mala ni volcanics, Vindhyans, Mesozoics and Eocene. The re¬ 
maining two regions are the central plain» comiJosed of Aravalll and pre- 
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Amvalli gneisses, and the hilly tract occupied largely by the synclinorium 
of the Delhi system. It is these regions, which ai*c the most important 
from the geological, stratigraphical and petrological points of view and 
they comprise parts of Ajmer-Merwara, Jodhpur, Udaipur, Sirohi, Palan- 
pur and Danta states (the last two states being now again included in the 
state of Bombay). 

The important pre-Vindh,yan geological formations of Rajasthan are 
tabulated in the following Table, based on the work of the Officers of the 
Geological Survey of India. 

TABLE SHOWING THE PRE-VINDHYAN FORMATIONS OF 

RAJASTHAN. 


Post-Delhi J 
Igneous Rocks ) 


Post-Erin- 

pura-gra- 

nite 

(Pre- 

Malani) 


Erinpuir> 

granite 


Pre- 

Erinpura 

granite 


Cabbros (pientes Sr. olivire-gab- 
ros) dolerites (olivine-, hyper- 
cthene-olivino-, biotito-), ba¬ 
salts (hornblende-, nugito-, oli¬ 
vine-), pyroxenites, cpidiorite.s, 
soda-pycnite. 

^ Quartz veins. 

J PegmatitcF & aplitos; quartz¬ 
'll felsnpr r^^^phyrieg. 

i Erinoura granite. 

r- arjopdiirolites, horn- 

' blc.idc-schfsts, actinolite- 

schiPt=?, t»'err:olitc-rchists, talc- 
chlorite schists, talc-limonitc- 
j rcipcntino I’oek, gabbros, dole- 

{ rites, gi'anuli'tus. 


Delhi 


System } 


.a 

I 

4 


cn 

o 


§ 

CO 


Calc-gneisses & cal- 
ciphyres. 

Calc-schists. 
Biotite-schists Sz 

phyllites with « 

amphibolitic roc7:s. <J 
- Absent- 


Quartzites. ^ 

Arkose grits and 
conglomerates. 


Ajabgarh series:— 
•Biotite schists, 

phyllites, quart¬ 
zites & impure 
biotitic limestones 
& calciphyres 

with basic tuff or 
volcanic dust 

(epidiorites ). 

Hornstone breccia. 

Kushalgarh lime- 
stone. 

Alwar series:— 

Quartzites, ar¬ 
kose conglome¬ 
rates and mica- 
schists, with bed- 
ed lavas altered to 
epidioritea. 
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--Unconformity ■ 


8 


I Garret ifcrous biotite schist. 

Raialo Series s Mttrb.c and limestone. 

t. Qumti:. le. 


Unconformity 


Post-Aravalli j 
Igneous Rocks ^ 


rcJa-cj oii’lca and soda-pegmatites. 

Q.ia* tz v-ci ;s. 

aad o.flites. 

Gca dies. 

Up diorit' .s, ho*'’nbjciidc-sch.ists, actinolite-tremolite 
lalc-seipeatinc-chlorito rocks. 


Aravalli 

System 


Bedesar quartzilcs, Kanoj and Khardeola grits. 

Khai nnuiia ft ruyf^'cUi^loid. 

--Unconformity (Uncertain) 

ilanthr.nibhci or Mandalgarh quartzite with dolerite 
fills. 

Tiiick succession of shales, slates, phyllites and 
mica-schists with local quartzites and limestones. 

Thin forriigmous limestone. 

Thin basal qnnrtzitc or conglomerate, often with 
arkese. 

Volc^xnic beds. (local G 


— Unconformity 

Quartz veins. 

Pegmatites and aplites. 
Am])hiboIitiG rocks. 

I Biotite-granite. Bundelknand 

(Berach) granite. 
Biotilo and chloritic 

schists and quartzose bands. 

From this Table, it appears that in Rajasthan we have three acid 
igneous activities and four basic igneous activities before the Vindhyan 
period. The former are represented by the pre-Aravalli, post-Aravalli 
and post-Delhi (Erinpura) granites, and the latter, by pre-Aravalli, post- 
Aravalli, post-Delhi (pre-Erinpnra-grauite) and pre-Malani (post-Erin- 
pura-granite) basic rocks. In addition to these, there had been some 
basic intrusions or extrusions contemporaneous with the. deposition of 
the Aravalli and the Delhi sediments. There had also been two periods 
of intrusions of alkaline magma—one, post-Aravalli and another, pre- 
Malani (post-Erinpura-granite). We shall now discuss the problems 
CQxmected with each of the major groups of igneous rocks. 


Prc-Aravalli Band’d 

Formations, Gneis^ic 

Complex 




4 Ptroc. J^Oth Tnd. 8c. Cong. : Part III : Presidential Addrseses 

II. PBE-ARAVAL.rJ lONOUS BOCKS 

(1) The Biuidelkhand (Berach) Granite 

Heron regards the Bundelkhand (Berach) Granite of Mewar as pre- 
Aravalli (pre-Dharwar) and the oldest rock in Rajasthan and hence of 
India, for all the gneisses of the Peninsula which were considered as pre- 
Dharwar, are now regarded as post-Dharwar in age. Many geologists do 
not consider the Bundelkhand Granite to be the oldest rock formation 
of India. Fermor (1909, p, 237) had regarded Bundelkhand Granite to 
have intruded into the Dharwars subsequent to the folding of the latter. 
Krishnan (1943, pp. 125 and 135) says that this formation resembles the 
younger granites (Bellary gneiss, Closepet granite. Dome gneiss, etc.) 
rather than the gneisses of the other Archaean areas of Peninsular India. 
He has, therefore, assigned in his table giving the rough correlation of 
the Peninsular Archaeans, two positions to the Bundelkhand Gneiss of 
Rajasthan—one, below the Aravallis and the other, same as that of the 
much younger granites mentioned above. Regarding the Berach 
Granite of Mewar which is regarded as equivalent to the Bundelkhand 
Granite of the type area by Heron, Pascoe says (1948, p. 248), “lai its 
‘greasy’ character, the opalescence of its quartz, the scantiness of its 
ferromagnesian constituents, and the usually decomposed condition of the 
latter and of its felspars, the Berach rock is curiously reminiscent of the 
Champion Gneiss of Mysore, though shearing and crushing seem to have 
been lessr in Rajputana rock”. 

During recent years, Misra and his students (1948, 1949 and 1952) 
have carried out a detailed geological study round the towns of Mahoba 
and Kabrai on the north-eastern edge of the great batholithic intrusion of 
Bundelkhand Granite of the type ai^a, and have discovered in it numer¬ 
ous xenolithic masses of older rocks, like quartzites, jasperised quartzites, 
argillites, hornblende-biotite schists and amphibolites. The outcrops of 
these xenolithic masses, though detached, can be measured in tens of feet, 
and they show a constant dip and strike. These workers regard the Bun¬ 
delkhand Granite as an intrusive rock and post-Aravalli in age. 


(il) The Banded Gneisslc Complex 

There seems to be a little anomaly between the stratigraphical posi¬ 
tion of the individual members of this Complex, as given in my table after 
Pascoe (1950, p. 247) and that shown by Gupta (1934, p. Ill), who gives 
the following order in the table of formations present in Central Mewar. 


Pre-Aravallis. 


^Gneissic granite. 

-- Intrusive break - 

Banded gneissic Bundelkhand 

J complex. Gneiss. 

Para-gneiss. 

Biotite schist. 

Quarts veins. 
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Pre-Aravallis. 
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Pegmatite. 

Granite. 

S Aplite. 

I Amphibolite (Cpidiorite). 


It may be pointed out that in the map accompanying his Memoir, 
Gupta has shown the para-gneiss as Aravalli and not as pre-Aravalli as 
shown in the above table. Otherwise also, it appears that the rock types 
of the Complex, given above, have not been shown by Gupta in proper 
sequence, and we have to recognise Pascoe's stratigraphical order as more 
representative, for Heron (1935, pp. 21-22) concludes, “bosses of granite 
in which the rock is little foliated represent solidified ‘cisterns’ and that 
the foliated and banded gneissic veins are apophyses from them. Pegma¬ 
tites and aplitos, closely related to the granite occur in it as veins and 
also invade the schists and granite gneisses forming with them compo¬ 
site gneisses. They probably belong to various ages. Bpidiorites and 
hornblende-schists representing basic intrusives occur in abundance and 
are permeated by aplites and pegmatites. They occupy, for the most part, 
an intermediate position in the sequence of intrusion, invading the gra¬ 
nite and gneissic granite and in their turn cut by pegmatites and aplites”. 
Again, according to Pascoe (1950, p. 252), “in many cases, the. pegmatites 
appear to have detached sheets of the gneissic granite which now lie as 
isolated masses along the borders of the intrusions. With the gneissic 
granite, and to a less extent with the hornblende schists, the aphtes and 
pegmatites have produced composite gneisses of very variable aspect. The 
period of intrusion of these pre-Aravalli aplites and pegmatites, appears 
to have a much wider range than that of the. granites, although the close 
relationship between all three is seen in the free occurrence of the two 
former as syngenetic veins in the last.” 

From the above quotations of these two authorities, it appears to me 
that pegmatites and aplites cannot be regarded as genetically connected 
with the granite, for then, it is difficult to account how there had taken 
place an intrusion of a basaltic magma after the. consolidation of the 
granitic magma, but before the intrusion of the residual liquids from the 
latter. Moreover, according to Heron (1936, p. 53) himself, some of the 
epidiorites and hornblende-schists which are abimdant in the extreme 
south-west in mixed gneisses of the Central Mewar plain which underlie 
the Aravallis, doubtless represent post-Aravalli dolerites and basalts. 
Further, the. so-called pre-Aravalli pegmatites resemble the post-Aravalli 
ones, in generally containing no tourmaline and muscovite, which two 
minerals are common constituents of post-Delhi pegmatites (Pascoe, 1950, 
pp. 252 and 262). It thus appears to me that we have here an example 
of an area where extensive granitisation had taken place by these peg¬ 
matites and aplites, possibly in post-Aravalli period, lb support of this 
viowt it may be mentioned that Crookshank (1048, p. 100 >. does not agree 
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with the views of Heron and Gupta that the Banded Gneissic Complex of 
northern. Mewar differs essentially from the Aravalli schists and accord¬ 
ing to him, the former has been formed by the intrusion of pegmatitic 
and granitic material into the Aravalli schists on a large scale. 

Bhola (1952), who had an opportunity of examining the succession 
of the Delhi System and the outcrops of the pre-Delhi rocks exposed on 
either flank of the Delhi synclinorium during his survey of the economic 
minerals of Jodhpur and Ajmer, is of opinion that tho banded gneisses in 
this region mapped by Heron as pre-Aravalli gneisses, are really highly 
metamorphosed and granitised Aravallis. Both on the north-west flank 
and south-east flank of the synclinorium, e.g., in Sojat (Jodhpur) and 
Srinagar (Ajmer) areas, patches of biotite-schists have been found on 
careful search, and a gradation between the biotite-schists and bictite- 
gneisses has been traced. Further east of tho synclinorium in the flat 
country as far east as Tonk, Heron has mapped the entire area as covered 
by pre-Aravalli or pre-Delhi gneiss, with the exception of the Malpura- 
Rajmahal-Sawar outcrop of Delhis; but according to Bhola, “this region 
is covered with a big expanse of alluvium and the only exposures are in 
mica mines and stream or well cuttings, and they show all gradations of 
rocks from biotite-schists to biotite-gneisses. Here also, the variation can 
be attributed to extensive granitisation of the original biotite-schist 
which most probably belongs to the Aravallis, as further east, these rocks 
appear to pass gradually into less metamorphosed slates and phyllites of 
Bun^i area, which have been assigned by Coulson to the Aravallis”. 

From the above observations, it appears that tho. Banded Gneissic 
Complex, like the Bundelkhand Granite, is also to be regarded as post- 
Aravalli and hence post-Dharwar in age. 

III. POST-AKAVALLI (PRE-DELHI) IGNEOUS ROCKS 
. (1) The post-AraviiUl and Aravalli Basic Igneous Rocks 

According to Heron (1935, p. 24), epidiorites and hornblende schists, 
metamorphosed ancient basic rocks, and the much newer” post-Delhi dole- 
rite had invaded the Aravallis, but they are much scarcer among them 
than in the younger Delhis or in the older pre-Aravalli gneisses. For this 
curious fact, he does not give any reason. In addition to these post- 
AravalU metamorphosed types. Heron (1922, p. 135; 1936, p. 51) has 
described sills and dykes of dolerite and basalt in Ranthambhor quartzite 
in Jaipur and Mandalgarh quartzite in Mewar. The dolerites show ophitic 
texture and though plagioclase felspar is much decomposed into kaolin 
and sericite, augite is little altered and in certain specimens, olivine 
is present and is altered only along cracks.- Heron has correlated these 
dolerites with those of the Gwaliors (a facies of Aravallis, according to 
him). In the geoological map of south-eastern Mewar, he has shown the. 
stratigraphical position of this dolerite between Ranthambhor quartzite 
and the overlying Khairmalia amygdaloid which is a purple black fine¬ 
grained volcaiiic rock, with numerous spherical or slightly flattened 
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vesicles, some as large as cherries or almonds, containing banded chalce¬ 
dony or crystalline quartz or calcite with central cavities. Heron (1936, 
p. 42) regards this rock as the etfusive representative of the hypaJbyssal 
dolerite dykes and sills mentioned above. The presence of unaltered 
olivine in the dolerite and that of vesicles and glass! in the volcanic rock, 
suggest the possibility of their being younger than the post-Aravalli (prer 
Delhi) basic rocks which are generally changed into epidiorites and horn¬ 
blende schists. In this connection, it may be interesting to note that the 
Ranthambhor quartzite, in which also occur the dolerite sills, of Jaipur 
and the underlying shalea and slates of that area, were formerly regarded 
by Heron to be Dolhis and not Aravallis, for he (1935, p. 25) writes: “On 
my first visit to the south-eastern Jaipur, I believed that I could trace a 
gradual increase in the metamorphism of these Gwalior type shales and 
slates across the strike to the north-west into the typical Aravallis; on 
my second visit, with Hayden, Middlemiss and Vredenburg, I was shaken 
in my opinion, more perhaps by the weight of their! opijosition to it than 
by actual conviction on my part and classified these rocks as Gwaliors. 
Since then, having had access to the wide expanses of them in Mewar, I 
am convinced that my original opinion was correct and that the Gwalior 
type shales of south-east Jaipur, Bundi and south-east Mewar and the 
typical Aravalli phyllites and mica-ischists are all the same, varying only 
in their degree of mctamorphism”. This view has led finally to the Gwa¬ 
lior scries, which was so long considered as Puriana, to be now regarded 
as corresponding to only the upper part of the Aravalli sequence (Pascoe, 
1950, p, 288). A detailed study of the basic rocks associated with the 
upper part of the Aravallis mentioned above, as well as, those of the 
Gwalior series proper, and their comparison with the post-Cuddapah basic 
rocks of other areas may throw fresh light on the true stratigraphical 
position of these formations. 

The talc-serpentine-chlorite rocks which occur in the extreme south¬ 
west of Mewar and also in Dungarpur and Idar, are considered to be 
highly metamorphosed ultrabasic intrusions (dykes and sills) of perido- 
tite or pyroxenite. Middlemiss (1921,’ p, 103) describes them as being 
constantly associated with the Delhi quartzite. But what was mapped as 
Delhi quartzite in Idar by Middlemiss, is now regarded as Aravalli quart¬ 
zite by Heron and hence, according to Ghosh (1933, p. 451), these intru¬ 
sions are presumed to be pre-Delhi in age. Ultrabasic rocks represented 
by talc-schists and chloritie-schists in south-west of Beawar and small 
plugs of unfoliated talc-limoniterserpentine rock with veins of magnesite 
in Ajmer, arte regarded to be post-Delhi in age (Pascoe, 1950, p. 386). In 
view of the doubt raised by me in the succeeding paragraphs dealing with 
the post-Aravalli granite, about the correctness of Heron's inversion of 
M»d d le mis« '« sequence of sedimantaries in Idar, it may be that the ultra- 
basic rocks of Mewar, Dungarpur and Idar, may also turn out to be of 
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the same age as those of Ajmer-Merwara, or the latter may themselves 
be pre-Delhis as suggested in this address further on. 

(U) The Post-Aravalll GranJtcs 

The Aravallis of Rajasthan are universally accepted as equivalent to 
Dharwars of the rest of Peninsular India. Heron (1936,' p. 51) has sug¬ 
gested that the Aravallis may be considered as analogous, if not contem-< 
poraneous, with the Dharwars of South. India from lithological considera¬ 
tions. In South India, Dharwars are the oldest rocks exposed and it is 
now believed that there have been only two granite intrusionsi—one, re¬ 
presented by Peninsular gneiss and the other, by Closepet, Bellary, Hosur 
and Arcot granite. The Champion gneiss, which was regarded as the 
earliest acid intrusive into tho Dharwars, is not, according to Pichamuthu 
(1951, p. 44), a well-defined type cither pctrologically or stratigraphically,’ 
and it is not recognised now as a separate unit. In any case, all these 
granites are post-Dharwar in age. It is rather surprising that the post- 
Dharwar (but pre-Cuddapah) granite intrusions which are so widespread 
throughout the rest of Peninsular India, are according to the work of 
Heron and others, very limited in extent in Rajasthan, where the post- 
Delhi Erinpura granite is wide-spread but not so the post-Aravalli (pre- 
Delhi) granite. One does not find any occurrence of this granite marked 
on the Geological Map of Rajasthan by Heron, rtecently published in the 
Manual of the Geology of India and Burma by Pascoe. However, the 
existence of this granite in many areas in Rajasthan is clear from the 
text of the book. In the early years of his survey of north-eastern Rajas¬ 
than, Heron, (1917, pp. 1.5-22 and 92-98) had described and mapped two 
t5q>es of granites—one, under pre-Delhi (Aravalli) rocks and the other, 
under post-Delhi intrusives. As the field party proceeded southwards to¬ 
wards Mewar, the former pre-Delhi (Aravalli) granite seems to have been 
lost sight of or regarded as pre-Aravalli, till finally, in Central Mewar and 
south-eastern Mewar, we find only the pre-Aravalli granite and banded 
gneissic complex. Of the few exposures of pre-Delhi granite shown on 
the geological map of Central Mewar by Gupta (1934) as intrusive into 
the Aravallis, those in the northci^ area have been actually described in 
the text of the Memoir by him (Gupta, 1934, pp. 131 and 155) to be part 
of Banded Gneissic Complex and those to the south are correlated to 
Erinpura Granite. So actually, there is no post-Aravalli (pre-Delhi) 
granite in this part of Rajasthan, While the field party of the Geological 
Survey of India was proceeding towards south-west from north-eastern 
Rajasthan, the geological survey of Danta state (then in N. Gujrat, lying 
at the south-western extremity of Rajasthan) was completed by me 
(Sharma, 1931, pp. 1-28) and I correlated the sedimentaries—calc- 
gneisses, crystalline limestone and marble—of the state with- those of the 
neighbouring Idar state surveyed earlier by Middlemiss (1921), and re¬ 
garded them as Aravallis. 1 mapped In Danta state three types of gra* 
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nites—post-Aravalli granitoid and scliistose gneisses, ix)3t-Delhi (Erin- 
pura) granite, and microgranitc and granite porl)hyr^^ In a subsequent 
paper, Sharia and Purkayastha (1935, pp. 369-375) examined the beavj' 
minerals of the post-Delhi granites a.nd micio-granites of Danta state, 
which were found to confirm my earlier suggestion that both might be 
co-magmatic. In the field season of 1933, Ghosh mapped the small states 
of Sudasna, Umbri, Bhalusana, Satlasna, etc., wh'ch lie just south of 
Danta state. It will be relevant for .subsequent reference, to quote here 
from the report of Fermor (1934, p. 70). the then Di»ector of thc«‘Geolo¬ 
gical Survey of India, about the geology of those states: 

“The formations inet with were alKivium, the Jalor or Idar granite, 
the Erinpura granite, calc-schist (Delhi) and finc-graincd granite gneiss. 
The granite gneiss is found at the boundary of Danta state .and the small 
states of Umbri and Bhalusana. It is a finely banded biotitc-granite- 
gneiss, and agrees in character with some of the fine-grained varieties of 
Mr. N. L. Sharma’s ‘granitoid and schistose gneisses’ described in connec¬ 
tion with the geology of Danta state. According to Dr. Ghosli, this gneiss 
is definitely older than the Erinpura granite, as it is found as inclusions 
therein. Owing to the lack of exposures, its relationship to the calc- 
schists, the oldest .sedimentary rocks of this locality, is not known. Dr. 
Ghosh, however, provisionally regards this gneiss as pre-Delhi in view 
of the fact that nowhere in the whole of western Rajputana have the 
Aravallis so far been found to be intruded by a granite older than the 
Erinpura granite. Similar j)re-Delhi gneiss has bee'’’, found bj’’ Dr. Heron 
in Jodhpur state, to the north-east”. 

In the meanwhile, Coulson (1933, p, 12) had completed the gcolo- 
cal survey of Sirohi state, just north-we,st of Danta state, and had mapped 
there two granites one, Erinpura granite, and the other, Idar granite, 
younger than the former and regarded to be the plutonic facies of the 
Malani volcanic rocks. In 19135, Heron proceeded to Danta state which 
had by then come under western Rajput ana States Agency. The. geolo¬ 
gical imporianc,o of this state has been referred to by Heron (1936a, pp. 
68 and 69) in the following words : 

"This had previously been geologically surveyed extra-departmentally 
by Mr. N. L. Sharma, but its resurvey was ncces.'sary as it forms a link 
between the surveys of Middlemiss in Idar state, Coulson in Sirohi state, 
P. K. Ghosh in Idar and Palanpur states, B. C. Gupta and P. N. Mukherjee 
in northern Bombay and Heron in Mewar. It happened in fact to be the 
‘keystone in the arch’ of the geology of Rajputana and northern Bombay, 
which Dr. Heron and his colleagues have brought to completion in the 
field season under review". 

It may be mentioned here that in 1931, as a result of the connection 
established between his survey in Mewar and Ajmer-Merwara and that of 
Middlemiss in Idar, Heron (Fermor, 1931, p. 143) came to the conclusion, 
that Middlemiss scale of formations, as far as the metamort^hic rocks qf 
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Idar were concerned, wtis reversed, though the relative order given was 
correct. Thus, the Aravalli scries of Middlemiss in Idnr state, consisting 
of a mixed complex assemblage of foliated crystalline rocks—calc-gneiss, 
gneiss, biotite-gneiss, mica-and other schists, amphibolite limestone^ 
t ic.—^was regarded as the Ajabgarlis, and| the Delhi quartzite and phyllite 
series of Middlemiss as Aravallis. The Idar gr^anite, which was regarded 
by Middlemiss as equivalent to Jalor and Siwana types, has now come to 
be recognised by Heron as Erinpura granite. 

The fundamental difference in my interpretation (Sharma, 3939, p. 
420) of the. geology of Danta state and that of Heron, is as follows : 

(a) Heron (1936a, p.69) regards as post-Delhi granites, not only 
the fairly homogeneous, coarse, porphyrit.’c, biotitic granite of the typical 
Erinpura type, but also, the fine-grained, non-porphyritic, less biotitic and 
more variable types, often banded, streaky and foliated, which according 
to him, appear to be more in the form of sheet intrusions and are contem¬ 
poraneous but on the whole slightly earlier than the coarse-grained mate¬ 
rial. On the other hand, \ regard the, above so-callcd ‘slightly earlier’ 
granites as post-Aravalli (pre-Delhi) m age, definitely older than the 
Erinpura granite. 

(b) Heron regards the calcareous rocks (calc-schists, calc-gneisses 
and marbles) of Danta state as Ajabgarhs (iqipermost Delhis), whereas. 
I regaled them as Aravallis. 

The above two interpretations arc interconnected with each other. Tf 
we assume that the calc-.series belongs to the Delhi System, there is then 
no other alternative left but to regard both the types of granites to b<' 
post-Delhi (Erinpura) intrusions and almost contemporaneoxis with each 
other; for both of them show intrusive relationship to the calcareous rock.s 
and there has been no other acid phase of igneous activity after the 
Delhis and before the intrusion of Erinpura granite. Conversely, if we 
regard the two granites as of tw'o different ages, then the calc-series must 
be regarded as Aravallis and cannot be Delhis. 

The foliated and banded granite forms an almost continuous mass of 
intrusion, extending from north to south in the central portion of Danta 
state. Some of the highest hills and ridges like ‘Sur’, ‘Dhamanawa’, 
'Ritaro' and Ghori’ (local names), are made up of this granite. The litho¬ 
logical characters including weathering of this granite is quite different 
from those of Erinpura granite. Intrusions of typical Erinpura granite 
arc common in this granite (granite-gneiss) and their junction is very 
shai'p. For example, at the southern extremity of Danta state, north¬ 
west of Nedardi, a small nala marks the sharp boundary of the two 
granites. There is no gradation between the two typos. Further north¬ 
west of this nala, near Vajasan, a big tongue of typical Erinpura granite 
from its main mass cuts across a small ridge of finely foliated granite- 
gneiss and there is no gradation between the two types here too. South of 
Dajita state boundary, Ghosh, as referred to earlier, had found inclusions 



Section 3 : Geology Geography 


11 


of gfanite-gneiss in Erinpura granite and had suggested that the former 
was definitely older than the Erinpura granite. 

All thesje facts prove that in Danta state, we have actually granites 
of at least two different ages- -one, post-Aravalli (pre-Delhi) and the 
other, post-Delhi (Erinpura). In May, 1939, when Sir Lewis Fermor had 
visited India, I had written to him requesting him to visit Danta state 
once, before writing chapter 5 on the (Manganese Ore)-Marble Province 
of Rajputana-Gujrat for his Memoir (Vol. No. 70) on “An Attempt at the 
Coi'relation of the Ancient Schistose Formations of Peninsular India”. In 
reply, he wrote that he would not have any opportunity of visiting the 
.state and that the fundamental reason for the difference between my 
interpretation of the geology of the Danta state and that of Heron and 
Ghosh, appears to bo in different interpretations of the age of the grani¬ 
toid and schistose, gneisses. I hope the Geological Survey of India will be 
able to get the problem regarding the age of the granitoid and schistose 
gneisses of Danta state thoroughly examined before the volume of Fer- 
mor’s Memoir on the Rajasthan-Gujrat region is published. For, if these 
gneisses are provt^i to be pre-Delhis, then, the present views about the 
age of the sedimentaries, not only of this state but also of the adjoin¬ 
ing states of Sirohi, Idar and Mewar, will have to undergo a radical change, 
which is likely to affect the geological hi.story of this portion of Peninsular 
India. 


(Ill) The Post-Aravalll Pegmatites and Aplltes. 

Heron and GhOiSh (1938, pp. 397-98) write about the acid igneous 
intrusions of Palanpur, Danta and part of Idar states as follows : 

“Taking Rajputana as a whole, the intrusion of the Erinpura granite 
and its modifications appear to have lasted over an appreciable period of 

the tectonic history of the Aravalli range^. The aplite or acid 

pegmatite veins which form interfoliar (lit-par-lit) injections in the 
calc-gneisses and the biotite schists are probably an earlier phase as they 
seem to be affected to some extent by the folding. At about this stage, 
are the banded and streaky larger sill-like intrusions of the Erinpura 
granite, often rather acid, which are typically developed in south-West 
Mewar. Then perhaps we have the larger fine-grained acid masses of the 
granite and the foliated, biotitic bosses, which grade into each other and 
into the slightly later unfoliated, coarse granite, the Idar granite of 
Middlemiss, which shows no signs of pressure. Later, probably are the 
large, well-crystallised dykes and sills of coarse pegmatite, bearing mus¬ 
covite, tourmaline and beryl which show no compressive effects, some¬ 
times cut through the granite and are independent of the structure of the 
rook through which they pass. Latest' of all are the veins of quartz”. 
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Thus, the order for Erinpura granitic intrusions, according to these 
authorit»es, can be tabulated as follows : 

Quartz veins. 

Pegmatites (coarse-grained i'nd muscovite-bearing). 

Erinpura granite (unfoliated and coarse-grained). 

Pinp-graim*d acid granite and foliated biotitc granite'. 

Banded and streaky laige sill-like granite intrusion. 

Aplite and acid i)egmatite veins. 

In the case of pre-A>‘avalli Banded Gneiss'c Complex, Hei-on puts the 
pegmatites and aplites together and later than the pre-Aravalli granite, 
whereas, in this case the lipLtcs and sc*me licgmatitcs are rt'garded to be 
earlier than the granite and tlu* corir.se pegmatites, and all art of the .same 
age, po.st-Delhi (Erinpura). 

Earlier in this addrt*ss, whde ditic.ussing the pi c-Ai avalli gneissio 
complex, it has been pointc'd out by me that the. pcgmatite.s and .aplites t^f 
that complex cannot be regarded as genetically connectetl with the so-call- 
od pro-Ai'avalli granite if there is an intrusion of basic: r'oeks in between 
the two. Evidently, the aplites and acid pegmatites must be post-Aravalli 
in age. Middlemisa regards the aplite and pegmalite veins penetrating 
The calc-gneiss and biotite-gneiss of Idar state as jjost-Arjivalli. Heron 
(3935, p. 24) also regards the post-{Aravalli granite as an acid, fine¬ 
grained,‘aplo-granite, which also produces by lii-ftar-l'd injections in the 
Aravalli mica-,schists, a handed composite gneiss which runs as a broad 
band from Udaipur city southwards into Dungarpur state, tt therefore, 
seems to me quite reasonable to expect that in the order of granitic intru¬ 
sions given above (all of which aie regarded by Heron as post-Delhi and 
Erinpura), we have probably two phases of intrusions connected with, 
granites of two different ages; the lower ones of post-Aravalli (pre-DeJhi) 
granite and the upper ones of post-Delhi (Erinpura) granite. 

Again, Heron and Ghosh (1938, p. 398) say: “Though in Idar the 
granite is unfoliated and coarse in grain, we have in Danta, transitions 
from tli's later type to the finoi-grained. more acid, foliated and streaky 
forms which arc believed to have been earlier arrivals while cimpressive 
stresses were still in action”. I have given the reasons in the above 
paragraphs why I regard these early arrivals, not as post •'Delhi but as 
pre-Delhis and post-Aravallis, when not only in Rajasthan but even all 
over the Peninsular India, the compressive stresses were in action. With 
this assumption, the aplites and acid pegmatites of Idar are actually to 
be correlated with the above post-Aravalli (pre-Delhi) foliated granite of 
Danta state and not wdth the post-Delhi (Erinpura) unfoliated granite 
of Idar state. 


(Iv) The Post-Aravalli Soda-syenites and Soda-pegmatites 
The soda-bearing rocks of Kishangarh are regarded by Heron (1924, 



Section 5 : Geology <S> Geogra/phy 


13 


p. 181) to be pre-Delhi and later than the epidiorites, granites and peg¬ 
matites, which intrude the rocks of the Aravalli system, consisting here 
chiefly of micaceous thin-bedded quartzites, quartz-mica-schists and mica- 
sillimanite-schists. The epid'orites, granites and i>egmatites of this area 
are regarded to be. post-Aravalli and pre-Delhi in age, and noVie of them 
is found to penetrate the syenites. Pascoo (1950, p. 266) says that it is 
not clear’ whether the syenites should be regarded as a late igneous phase 
of the Aravalli iJeriod (Dharwar) or as an early intrusive of the Purana 
era and that although the Kishangarh syenites have resemblances to the 
Charnockite suite, they appear to have still more in common with the 
Sivamalai elaeolite-sytmite of Coimbatore in Madras, the chemical ana¬ 
lysis of which agrees very clo.sely with that of the normal Kishangarh 
I’ock. In this connectiorr, it may Ijo noted that the recent chemical ana- 
lyeefl of 1 he bio(ite-nepheline-.syenite and lioi’iiblende-nepheline-syenodio- 
rite. t»f the iSivanuilai hills published by Subramaiiiam (1949, pp. 86-87) 
do not show such a close resemblance to the Kisliangarh nr'pheline syenite 
as dt>es that of Walker, referred to by Pascoe (1950, p. 133). 

According to Niyogi (1952, pp. 433-34), who has recently made a 
study of the structure and tectonics of the alkaline rocks of Kishangarh, 
these rocks, though intruding into the. Ar'avalli rocks, are found to he 
localised near the junction of th,e Aravallis and Delhis. The latter rocks 
are r egarded to 1^ thrust against the Aravallis and there is an alignment 
of several small sills of nepheline-sye-nite along the Delhi-Aravalli Junc¬ 
tion. Niyogi therefore, concludes that the nepheline syenites of this area 
are post-Delhi in age. Thus, it appears that the alkaline rocks of Kishaii- 
garh may be correlated with the soda-syenites associated with picrites, 
pyroxenites, gabbros, etc., which have been described from Sirohi state by 
Coulson (1933, pp. 87^91), who regards them as post-Delhi and post- 
Erinpura-granito, but pre-Malani, in age. 

IV. l*OST-l>KIdII KiNKOIlS KOCKS 
(I) The Po«t-l>eIlii (Pre-lOriiipura-granite) anti Delhi Basic Kocks 

In Alwar state, where these rock.3 ai’e confined to the Alwar series, 
Heron (1917, pp. 90-92) had called these rocks as ‘amphibolites’, but 
later on, in Western Jaipur, he termed them as epidiorites’, following the 
recommendations of the. Committee on British Petrographic Nomencla¬ 
ture (Min. Mag., Vol. 19, p. 138, 1923). In western Jaipur, the epidio¬ 
rites invade the Ajabgarh series as well. According to Heron (1922, 
pp. 377-78), “their laminae along the bedding planes of quartzite are so 
straight and regular, so numerous and so thin, that one is inclined to be¬ 
lieve them to be lines of metamorphosed volcanic dust, e.g., augitic tuff. 
The supposition that some of them are altered tuffs or contemporaneous 
flows does not, of course, negative the proofs that the majority are intru¬ 
sive”. In these rocks which are regarded to have been derived from 
diorites or doleritea, the conversion of pyroxene into hornblende seems to 
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have in all cases been complete. According' to Heron (Paseoe, 1950, 
p. 394), the strange phenomenon, that while the neighboring Erinpura 
granite is tyjncally foliated, the opidiorites aro seldom schistose, shows 
that the metamorphosing fore-^.s of i)res,-unc‘ and high temperature, that 
caused shearing and schistosity in the more yielding rocks, had a different 
effect upon toughei t\pes like doleiite or diorite, wln-rc the result was 
granulitisation and crystallisation. 

Again, in Strohi state, Cuulson (1933, p. 45) has found amphibolitic 
rocks (amphibolites, hornblende^schi.sts, actinoliti-schists, tremolite- 
cpidotc-diallagc I'oi ks. etc.) very intimately asjsociated with the schists 
and calcic rocks of tlic Ajabgai*h and they have been, subjocled to the 
same folding movements and processes of metamorphism as the latter 
rocks. There is however, no evidence, of the traps being la d down as jiart 
of the normal sequence of the Ajabgarh rocks, but intercalatrxl sheets of 
basic rocks, suspected of being sill-like in nature, ar e common. Coulson, 
therefore, suggests,that there is not much actual difference Ijetween. the 
age of these sills and of the rocks into which they are iiiti-uded, while 
some of the former may be. contemporaneous lavas. 

Sharma and Nandy (1936, p. 376) have classified the basic intrusive.^ 
of Danta state into the following three types, based on their structural 
and mineralogical characters and ha-'-e suggested that they may represent 
the three basic phases of igneous activity in this area, during the post- 
Arayalli period : 

3. Younger iiitru.sives 

( Post-Erinpura-granite ) . 

2, Older intrusives 

(Post-Granitoid-gneiss but 
lire-Ei'inpura-granite ). 

1. Oldest intrusives 

(Post-Aravalli but pre- 
GraniLoid-gneiss). 

Recently, Merh (1951, p. 123), has sui'veyed the Ambamata area of 
Danta state and he regards the epidiorites, amphibolites and pyroxene- 
granulites as post-Delhi but pre-Erinpura-granite in age, and the altered 
coarse-grained dolerites, as post-Erinpura-granite. The difference bet¬ 
ween the intrpretation of the ages of the foimer types by Merh and my¬ 
self lies in, the fact that the former author (Merh, 1950, p. 60) has corre¬ 
lated the Danta marble with the Ajabgarh according to Heron’s views, 
whereas, I regard it as Aravallis for reasons explained earlier in this 
address. 

Discussing the age of the meta-gabbro of Danta state, which I regard 
as pre-Delhi, Heron and Ghosh (1938, p. ,400) agree that it is older than 


Ohvino-dolerite and olivine.- 
basalt. 

Meta-gabbro and meta-doleiite. 


Epidiorite, pyroxene-granulite, 
and hornblende-schist. 
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th« Erinpiir^i granite but they suggest that it belongs to the epidiorite 
suite (post-Delhi, according to them)and has escaped greater metamos- 
phism owing to its large size and coarseness of grain. T, however, regard 
the epidiorite, pyroxene-granulitc and hornblende-schist, as an earlier 
phase of igneous activity—post-Aravalli but pre-Granitoid-gneiss. This 
difference arises out of the fact that the post-Aravalli Grainitoid-gneisses 
have been mapped in this area as Erinpura gi'anite by Heron and Ghosh. 

Certain gabbros, dolerites and granulites, which are few in number 
and local in development, arc found in Sirolii, Palanpur and Danta states. 
According to Heron and Ghosh (1938, p. 401), "they are veined by the 
latest fine-grained dolerite and basalt and also by a red pegmatite which 
may be a derivative of the Jalor granite of Malani ago. But, as A. Ij. 
Coulson (1933, pp. 127-28) states that the Malani granite (i.e., Idar gra¬ 
nite of his nomenclature) is conspicuously free from pegmatite except in 
the t'xtreme form of quartz veins, and as the Erinpura granite does give 
rise to red pegmatite,"it is not certain that they are pre-Miilani in age”. 
It thus seems that these rocks ar^e pre-Erinpurn granite and post-Delhi or 
Delhi, corresix)nding to my division of meta-gabbro and meta-dolcrite. 

The order of basic igneous rock types as given above, is the one which 
is naturally expected in a metamorphic region, the older basic intru- 
sives being more metamorphosed than the younger ones. A similar order 
based on the degree of metatmorphism of the basic intrusive rocks is 
being established in the Dhanbad, Gomoh and Kodartua areas of Bihar by 
the members of staff of the Geology Department, Indian School of Mines 
and Applied Geology (Shaima, 1940, pp. 137-,38: Sharma and AgrawnI, 
1950a, p. 11 ; Snbrahmanyam, 1950, p. 221 and Sadashivaiah, 1952, 
p. 105). 

Post-Delhi ultrabasic rocks arc represented (Pascoe, 1950, p. 3S6) by 
lalc-schists and chlorite-schists in Beawar and unfoliatcd talc-limcnite- 
serpentine rock near Ajmer, Recently, Bose (1951) who has carried out 
field work in the emcrald-l>earing area of Rajgarh in Ajmer, has suggested 
that the talc-schists and chlorite-schists arc Aravallis. If thi.s be so, the 
ultra-baic rocks of these areas can be. correlated wdth those of Dungarpur, 
Mewar, and Idar which at present are believed to lie. pre-Delhi in ago. 

()i) The Post-Dellil TDrinpura Oranitn 

La Touebo (1902, p. 18) describes the typical Erinpura granite as an 
exceedingly coarse-grained rock which can be easily recognised by the 
rounded hummocky knolls into which it has weathered. It is intru¬ 
sive into the Delhi system but is foliated near its margins. Near the 
junction with the. schists, it is foliated along lines parallel to the junction 
and the included masses of the schists have been rolled out into lenticular 
patches and the large, felspars are drawn into lenticular ‘eyes’, surround¬ 
ed by films of mica and the rock has the appearance of a true gneiss. 

According to Pascoe (1950, p. 415), Heron has recognised on the 
Marwar-Mewar frontier, two types of Erinpura intrusions: (1) :sheet 
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complex’, consisting of innumerable parallel sheets of aplite sheared and 
imiJerfectly crystallised pegmatite and granite, the last being both 
coarse and fine, both porphyritic and even-grained and both fol'ated and 
homogeneous; and (2) ‘massive stocks’ which consist of the normal type 
granite. Heron regards the sheet intr’isions to be earlier but still post- 
Delhi in age. 

I have shown earlier in this address that the .sheet granites and the 
accompanying pegmatites and aplites are more like.ly to be regarded as 
acid intrusions of post-Aravalli and pre-Delhi age rather than those of 
post-Delhi. It, therefore, appears that at least in Danta and adjoining 
parts of Sirohi and Mewar, the areas mapped as Erinpura granite include 
also some post-Aravalli (pre-Delhi) granites and the. associated pegma¬ 
tites and aplites. 

Further, it is quite possible that some of the masses of intrusions 
mapped as Erinpura granite may be different tyiies of Malani granite 
(Jalor, Siwana and Idar types of Lower Vindhyan age), or conversely, 
some of the latter tyi>es of granites may be of Erinpura typo. To illus¬ 
trate the confusion which at present exists in these granites, it may be 
mentioned that Middlemiss (1921, p. 129) had correlated his Ildar granite 
to the Jalor-Siwana granite of La Touche. Coulson (1733, p. 104) found 
many outcrops of similar granites in Sirohi and called them also Idar gra¬ 
nite; "but later on. Heron and fJhosh (1938, p. 38.5) eamr' to the eemclu- 
sion that the Idar granite of Idar project* is not tiie .J.alor-Siwana gr;mit(c 
but i.s Erinpura granite. This neeossitates inventing of a n» w name now 
for the Tdar granite’ of Sirohi state, if the latter is still coafirmed to be 
of Malani age. In this connection it is interesting to note that Harket 
(Coulson, 1933, p. 104) had mapped the granite occurring with the rhyo¬ 
lites near Ban in Sirohi state as Erinpura granite. Thus, it seems to me. 
that the granite areas of Sirohi, Danta, Tdar and Mewar requ’re. a detailed 
field and laboratory study to delineate, the boundaries of the three diffe¬ 
rent granites- -prc-Dolhi, post-Delhi and Lower Vindhyan. 

(ili) The lN>st-l>elhi Krinpura l*cgmatites 
It will be clear ftom the preceding survey of the. correlations of the 
various granites of Rajasthan that we are likely to be left with only three 
granites in this region—the post-Aravalli, the post-Delhi and the Lower 
Vindhyan granites. Now the question ar.’ses as to which of these gra¬ 
nites, the mica pegmatites of Rajasthan ar*e associated w'th. When we 
consider the other two main mica belts of India, i.e., the mica fields of 
Bihar and Madras, wc find that in both the regions, the mica pc.gmatites 
are regarded to be genetically connected with the post-Dharwar but pre- 
Cuddaph granites—the Bengal Gneiss of Bihar and the Peninsular Gneiss 
of Madras. We, therefore, naturally expect that in Rajasthan too, the 
mica-bearing pegmatites may be genetically connected with the post- 
Dharwar (post-Aravalli and pre-Delhi) granite intrusions. In ths gso« 
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logical map of the portions of AjmeivMerwara, Jaipur, Kishangarh, Tonk 
and Udaipur states of Rajasthan, accompanying the paper on the '‘Mine* 
rala of the Rajputana Pegmatites”, Crookshank (1948) shows most of the 
mi6a mines to b© located in the region occupied by the rocks of the Ara» 
valli system or by the Bundelkhand Gneiss. Only a few mica mines which 
are situated along a belt running north-east—south-west, east of Beawar 
in Ajmer-Merwara, occur in the rocks of the Delhi system. It is note¬ 
worthy that this particular belt of mica mines is just to the east of an 
elongated belt of Banded Gneissic Complex, about forty miles long, and 
runs more or less parallel to< the junction of this Complex with the rocks 
of the Delhi system. Further, there is no exposure of Frinpura granite in 
the vicinity of this mica mines belt. Excepting this belt, it would thus 
appear that the source of many other pegmatites both in the Aravalli and 
in the Bundelkhand Gneiss might as well be the post-Aravalli granite. 
Crookshank (1948, p. 109) is also of the opinion that the source of the 
pegmatitic material both in the Aravallis and in the Gneissic Complex is 
the granite, which reaches its maximum development along the axis of 
the Aravallis. He says: "Heron and Gupta both regard the period of 
formation of the pegmatites as post-Delhi. This is certainly true of the 
pegmatites intruded into the Delhis in Bharatpur and south of Delhi. The 
pegmatites in Mewar, Ajmer-Merwara and Jaipur often show more signs 
of foliation than those of Bharatpur and Delhi. They may in some cases 
be older”. 

There is no doubt that some of the mica peg^matites of Rajasthan are 
genetically connected with the Erinpura granite. For, Holmes (1949, 
pp. 293 and 296) has found the age of uraninite from Bisundni pegmatite 
in Ajmer-Merwara to be 735Hb5 million years and of monazite from 
Soniana pegmatite in Mewar to lie between the limits of 700 and 865 
million years. The age of the uraninite from the pegmatites near Singar 
in Gaya district (Bihar) has been determined to be 955dt40 million years 
(Holmes, 1949, p. 298, foot-aiote.); but the corrected age of the monazite 
from Gaya district had been foimd earlier by T. C, Sarkar (1941, p. 247) 
to be only 875 million years and recently, by P. B. Sarkar (1952, p. 392) 
to be only 803 million years using Holmes and Lawson's modified formula. 
So far as the Bisundnf pegmatite of Ajmer is concerned, it is evidently 
younger than the post-Dome-Gneiss (post-Aravalli) Singar pegmatite of 
Bihar, but the Soniana pegfmatite of Mewar may as well be post-Aravalli 
and pre-Delhi in age, for, its mean age agrees with that of Gaya peg¬ 
matite from Bihar. 

Apart from the age of the mica pegmatites, there are problems con¬ 
nected with the paragenesia of their minerals. Crookshank (1948, p. 179) 
who has described in detail the minerals of the Rajasthan pegmatites and 
their mutual rations, is of opinion that there were two phases in the dev&< 
lopment. of the ^Ftajasthan p^imatites : the potassic an4 eodic. , la. the 
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first phase, quartz and microcline were intrtided and in the second, which 
doubtless followed rapidly the first, a much finer intergrowth of quartz 
and albite with a little microcline. Further, he thinks that large beryl and 
microcline crystals were porphyritic crystals formed in deep-seated magmd 
and carried into their present position by a magma composed mainly of 
silica and water, and that the small crystals of these minerals associated 
with a relatively fine-grained quartz-albite intergrowth, may have grown 
in situ from a cooling mag^a. It is inconceivable, how beryl crystals 
(sp. gr., 2.68-—2.72 for Rajasthan specimens), which are sometimes inter- 
grown with tantalite-columbite (sp. gr., 5.43—6.65 for Rajasthan speci¬ 
mens) and which are, though rarely, about 20 ft. long and 20 tons in 
weight,’ were carried upwards in a melt of silica and water and supported 
while the latter crystallised. Moveover, it is believed by many workers 
that the pegmatite magma works its way through the openings, even of 
capillary size, and the pinching and swelling out of many pegmatites, both 
laterally and vertically, supports the view that most of the valuable peg¬ 
matites do not simply fill up the pre-existing fissures, some of which, in 
case of Rajasthan pegmatites, are to be postulated to be open and of such 
dimensions as to allow huge crystals of beyl and microcline to pass 
through. 


*’ (Iv) The Post-I>clhl Quartz-Felspar Porphyries 

Quartz-felspar porphyries of ages other than Malani have been re¬ 
corded only from Idar and Danta states. In Idar state, Middlemiss (1921, 
pp. 128-29) had regarded these porphyries as the hypabyssal equivalents 
of the Malani rhyolites which they resemble considerably, the only differ¬ 
ence being the frequent presence of microcline among the phenocrysts and 
the predominance of biotite over hornblende in the porphyries. He re¬ 
garded these, rocks as a petrological link between granites of the Idar, 
Siwana and Jalor types and the bedded Malani rhyolite flows. 'As men¬ 
tioned earlier, Heron and Ghosh (1938, pp. 385-87) now regard the 'Idar 
granite’ of Idar state not as Jalor and Siwana type but as 'Hrinpura gra¬ 
nite’, and the presence of quartz porphyries and granite i>orphyries of the 
Srinpura suite as a unique feature of Idar state only. According to them, 
we have in Idar, "preserved a portion of the crust not deeply underlying 
the ancient surface at the time the Erinpura granite was intruded, in 
which they solidified under hypabyssal conditions. Nowhere else do such 
non-plutonic modifications of the Erinpura granite occur and effusive re¬ 
presentatives are completely unknown”. On the other hand, in Sirohi 
state, Coulson (1933, pp. 115-127), has described quartz porphyries, 
quartz-felspar porphyries, felspar porphyries and granite porphyries as 
the hypabyssal equivalents of his *Idar granite’ of Sirohi state, which is 
still regarded by Heron and Ghosh as equivalent to Jalor-Siwana granite 
of Malani age. 

In Danta state, lidng In between Idar and Sirohi stat^ Shanna 
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(1931, p. 22) had described a schistose quartz porphyry from Ambamata 
area, and had traced a gradation from a white quartz-porphyry through 
a schistose quartz-pprphyry to an. almost sericite-muscovite-biotite schist, 
all the types being characterised by the constant presence of blue quartz. 
Heron and Ghosh (1938, pp. 377-78) in their resurvey of Danta state say 
that they are difficult rocks to name and after describing the macroscopic 
and microscopic characters of some of these rocks, they come to the 
conclusion that “the balance of probability is that these rocks are arkose, 
but with the possibility that they might bo iwrphyries. Against this 
is the fact that the porphyries have never been found elsewhere in Delb is, 
and they are much too lower down in the Delhi sequence to be the effusives 
of ESrinpura granite which have nowhere been found”. In this connection, 
it may be mentioned that Shai’ma had regarded this rock as {>ost-Aravalli 
and pre-Delhi in age and not post-Delhi. Merh (1950, pp. 60-61) has des¬ 
cribed the schistose quartz and felspar porphyries of the area north of 
Ambamata, and has found them merging into the granite-gneiss towards 
south, the latter rock having been regarded by Heron, Ghosh and Merh to 
be post-Delhi, but by Sharma, as post-Aravalli and pre-Delhi, for reasons 
given earlier in this address. 

Thus, we find that in Rajasthan, in the contiguous states of Mar, 
Danta and Sirohi, we have quartz and felspar porphyries, which are, in 
the present state of our knowledge, regarded as belonging to three diffe¬ 
rent ages: Erinpura (post-Delhi), post-Aravalli (pre-Delhi) and poat- 
Erinpura-granite (Malani) respectively. A detailed study of these rock 
types along with the granites of this region is likely to solve the problem 
of correlating these porphyry rocks. 

(v) The Post-£)rinpura-granite (pre-Malani) Basic Rocks 
These rocks have been described from Sirohi, Danta and Palanpur 
states only. In Sirohi, Coulson (1933, pp^ 79-109) has described the oli¬ 
vine-, hypersthene-, and biotite-dolerites and olivine-, augite-, and horn- 
blende-basalts. Accordng to him, the usual hypabyssal forms are best 
described merely as altered basalts or altered dolerites; or, where meta¬ 
morphosing agencies have been more severe, epidiorites. The plutonic 
forms, gabbros, picrites and sodalite-syenites, have been noted in three 
localities only in this state. Regarding the antiquity of the basalts and 
dolerites, Coulson (1933, p. 95) says: “one can only be amazed thait time 
has treated the majority of these rocks so lightly”. In the extreme south 
of Sirohi state and extending into Palanpur, he (1933, pp. 142-45) has 
described another set of dolerite dykes which he regards to be tectonically 
related to and not much yotmger than the Malani suite. He calls^ them 
'albitised basalts and dolerites’ although Borickys’ microchemical test, 
contrary to what was expected, did not show albitisation. It is also inte¬ 
resting to note that iq^imens of these post-Malani basic rocks consist of 
laths of felspar and some iron ore. The ferro-magnesian mineral in one 
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case was found to be biotite and in another, secondary hornblende, and in 
the third, secondary chlorite. None of the specimens contain pyroxene. 
Secondary calcite and epidote are also common. 

Regarding the age of the pre-Malani hypabyssal and plutonic rocks of 
Sirohi state, Pascoc (1950, p. 479) writes, that “it must be remembered, 
that the Malani lavas probably belong, not to the lowest, but to the lowest^ 
but-one stage of the Lower Vindhyan; that being so, it is possible that the 
basic intrusions, now to be considered were coeval with the earliest Vin¬ 
dhyan sedimentation and therefore are not pre-Vindhyan 

in age". Even if we thus bring the two suites of 

basic rocks nearer to be Lower Vindhyan in age, the fact becomes 
still more remarkable in that the slightly older suite, is fresh whereas the 
younger one is altered. 

Olivine-bearing dolerites and basalts, as well as, altered varieties of 
basalt in which augite and olivine have been altered completely into mag¬ 
netite and replaced by calcite, have been described from Danta state by 
Sharma and Nandy (1936, pp. 371-75) who have regarded these rocks to 
be post-Erinpura-granite in age, the Malani series of acid rocks being not 
foimd in this area to help further correlation. 

Heron and Ghosh (1938, pp. 402-3) have described rocks similar to 
those of Sirohi in Palanpur and Danta states, and they put the oligoclase- 
dolerite dykes (corresponding to ‘ albitised basalts’ of Coulson) as prer 
Malani series and the olivine-dolerite and basalt dykes as post-Malani, a 
conclusion which is at variance with that of Coulson who regards the 
latter rocks of Sirohi as earlier than the albitised basalts. The view of 
Heron and Ghosh seems to be more correct as it follows the natural deduc¬ 
tion that older basic rocks show more evidence of metamorphism or meta¬ 
somatism than the younger ones. 

The remarkably fresh olivine-bearing rocks of other regions of Penin¬ 
sular India are regarded as post-Cuddapah and the bulk of basic dykes 
may have been formed during the latter half of the Cuddapah period, the 
intrusion having probably spread over an appreciable lapse of time. These 
ultrabasic and basic rocks are cited as good examples of the notable 
absence of widespread disturbance in the southern half of the Indian 
Peninsula since Cuddapah times (Pascoe, 1950, pp. 470 and 473). They 
are also regarded as the youngest igneous rocks (except the Deccan 
Trap) of these regions. Similar rocks in Rajasthan are also the yoimgest 
igneous rocks (except the Deccan Trap) in that region, but they are 
regarded as Lower Vindhyan (post-Malani) due to their cutting the 
Lower Vindhyan Malani series of acid intrusives and extrusives. Whether 
some of the basic rocks of the Cuddapah region can be assigned to this 
age is for the future workers to decide. In any case, post-Malani basic 
rocks of Rajasthan as well as the Malani series of acid rocks, are beyond 
the perview of the subject of this address as they are not prerVindhyans, 
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V. CHEMICAL! ANALYSES OF 102020178 BOCKS 

Taking into accoimt the vast area of Rajasthan which has been geo« 
logically surveyed, it is surprising that there are hardly a dozen chemical 
analyses of the various igneous rocks of the region available, and they 
too, are of axiecimens collected from isolated localities. Hence, no definite 
correlation can be carried out on the basis of these analyses. Moreover, 
the value of such random chemical analyses loses its usefulness still fur¬ 
ther, especially in case of granites, if we are dealing with an area where 
injection metamorphism and gramtisation have been prevalent to a great 
extent. The value of chemical analyses for the cor;reiatlon of 
basic igneous rocks has been discounted for a similar 
metamorphic terrain in Sihar by Dimn (Percival and Spencer, 1940, 
p. 364) who in the discussion of the paper on the conglomerates and lavas 
of Singhbhum, remarks, “there are basic igneous rocks of at least three 
separate ages. We have found chemical analyses to be quite useless as 
a basis of correlation—^probably, the original source of all these basic 
igneous rocks right through the Deccan Trap, was the same”. Neverthe¬ 
less, I have thought it woithwhile to piece together all the available che¬ 
mical analyses and the norms of the igneous rocks of Rajasthan, in this 
address (see table at the end) to find out whether they can be of any 
help in the problem of correlation of these rocks. 

(i) BundeLkhand granite -.—Only one chemical analysis of this rock 
type is available from Rajasthan proper, and that is from Berach in 
Mewar (Heron, 1936, p. 7). For comparison, an unpublished analysis of 
the typical Bundelkhand granite from Mahoba in Hamirpur district in 
U.P. by Misra (personal communication) is also included. It will be 
seen from the normative composition of the >two specimens (Nos. 1 and 2, 
Table) of Bundelkhand granite, that both the granites resemble the 
typical Erinpvu’a granite of Abu in containing normative hypersthene and 
conmdum. 

(ii) Erinpura granite -.—Three chemical analyses of Erinpma granite 
(Nos. 3, 4, and 5, Table) are available, two from Abu and Waloria in 
Sirohi (Coulson, 1933, p. 59) and one, from Kawa in Idar (Middlemiss, 
1921, p. 121). There can be no doubt about the grey Abu granite being 
of typical Erinpura type, and this is foimd to be characterised by the 
presence of hypersthene and corundum in its norm. According to Pascoe 
(1950, p. 419), the Waloria g^nite which is foliated has been foimd to 
be different from the Abu granite in its more acid composition and pre¬ 
dominance of potash felspar, as well as, in its physical appearance and 
physiographical features and it resembles more the Idar (Malani) gra¬ 
nite than the Abu granite. When we compare the normative composition 
of the red Waloria granite with that of the grey Abu granite, we find here 
too, that the two do not resemble each other in as much as there is no 
normative hypersthene in the Waloria granite, though there is normative 
corundum. In t-hi« respect, it does not resemble the younger Idar 
XMalani) granite either. It is, therefore, suggested here that it ma^ 
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represent one of the phases of post>Aravalli (pre-Delhi) granite (gra¬ 
nite-gneiss) which has been mapped by Sharma (1933, Map) in Danta 
state, and by Gupta and Mukerjee (1938, Map) further south in Gujrat. 
Unfortunately, no chemical analysis is available for any granite of this 
age. In fact, the post-Aravalli (pre-Delhi) granites are given almost a 
negligible position in the rock formations of Rajasthan and their occur-, 
rences are not marked in any of the geological maps of Heron, so far 
published. 

Regarding the Kawa granite from Idar, Middlemiss had regarded it 
as Malani granite, but it is now regarded as Erinpura granite by Heron 
and Ghosh, Coulson (1933, p. 108) also had earlier compared the chemi¬ 
cal composition of this granite with that of his Idar granite (Malani) of 
Sirohi, and had regarded the former as more basic than the latter and 
approaching the Erinpura granite. The normative composition of the 
Kawa granite, however, shows a strong resemblance of this granite with 
the Idar (Malani) granites of Sirohi in containing normative diopside 
and hypersthene. 

(iii) Idar (MoZawi) granite'. —Only two chemical analyses (Nos. 6 , 
and 7, Table) of this rock type are available—one from Ban and the 
other, from Mirpur, both in Sirohi (Coulson, 1933, p. 107). These two 
analyses are similar to those of Erinpura granite. In fact, Coulson has 
pointed out that the mean of the two analyses of Erinpura granite from 
Abu and Waloria very closely approximates to the mean of the above two 
chemical analyses of the Idar (Malani) granites of Sirohi. But when we 
compare the normative compositions of the two types of granites, we find 
that there is no similarity between the two types. The Idar granite con¬ 
tains in the norm slightly more of albite and much less of anorthite than 
the typical Erinpura granite (No. 3, Table). Further, the Idar granite 
contains normative diopside and hypei'sthene, whereas, the Erinpura gra¬ 
nite contains normative hypersthene and corundum. These differences 
are noticeable not only in the norms of individual specimens but also in 
the case of mean analyses of each of the two granite types from Sirohi. 

(iv) Soda-syenites: —There are only three chemical analyses avail¬ 
able (Nos. 8, 9 and 10, Table)—two of the nepheline-^yenites from 
Kishangarh (Heron, 1924, p. 186) and one of the sodalite-syenite from 
Mimdwara in Sirohi (Coulson, 1933, p. 88). The nepheline-syenite of 
Kishangarh is chsu'acterised by the presence of nepheline, corundum and 
olivine in its norm; the sodalite-syenite of Sirohi differs from this type 
by having no anorthite and corundum in its norm but diopside and acmite 
instead. 

(v) Basic rocks: —Only four chemical analyses (Nos. 11, 12, 13 and 
14, Table) are available—one, of pre-Delhi (Aravalli) dolerite from 
Karju, Me war (Heron, 1036, p. 54), one of post-Erinpura (pre-Malani) 
olivine-dolerite from Kawa, Idar (Middlemiss, 1021, p. 133),' one of post- 
Erinpura (pre-Malani) olivine-gabbro from Cbandravati, Sirohi (Coulson, 
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1933, p. 80), and one of post-Malani albitised dolerite from Kapasia, 
Palanpur (Coulson, 1933, p. 344). It appears from the study of these 
analyses that the Kai^ju and Kawa dolerites, though regarded as different 
in age, are very similar and are characterised by the presence of dioi>side 
and hypersthene in their norms. The Chandrawati olivine-gabbro differs, 
however, from the Kawa olivine-dolerito regarded as of the same age, in 
the larger amount of normative anorthite, less of normative orthoclase, 
diopside and hypersthene and in the absence of quartz and the presence 
of olivine in the norm. The much younger post-Malani albitised dolerite 
is characterised by containing diopside and olivine and no hypersthene in 
the norm and also by the presence of normative nepheline. 

VI. CONCLtrSION 

I now come to the end of my address in which I have tried to .show 
that there are controversial points about each one of the types of igneous 
rocks found in Rajasthan, right from the Bundelkhand granites to the 
post-Malani dolerites. I have drawn the attention of my fellow geologists 
to the possibility of some of the granites of Rajasthan being post-Ara- 
valli and pre-Delhi in age. This granite, according to the work of the 
officers of the Geological Survey of India, practically forms a negligible 
type in Rajasthan, whereas, the equivalent post-Dharwar and pre-Cud- 
dapah granites are so widespread in the rest of Peninsular India. I know 
how difficult is the problem of correlation of the pre-Cambrian rocks. It 
is said that one of the famous geologists, who attended the Canadian 
meeting of the International Geological Congress and heard the other 
geologists correlating the pre-Cambrians of the widely separated regions 
of the world, remarked that he was very much interested to hear these 
wide correlations, as in his own country, they found difficulty in correlat¬ 
ing the ancient rocks across two- sides of a stream. 

Seventy five years ago. Racket (1877) wrote the first important 
geological account of the north-eastern Rajasthan. Later on, working in 
the central and eastern portions of the Aravalli region, the views of 
Racket (1881) underwent a radical change about the stratigraphy of this 
area, the most important one being that the Raialos and Ajabgarhs had 
come to be regarded as Aravallis and older than the DeJhis. Heron began 
in 1908 the resurvey of Rajasthan to find out the correct interpretation 
of the sequence of the rock forimations, and in his first Memoir on Raj- 
putana, he (Heron, 1917, p. 105) says about Racket’s work: “Had the 
second paper remained unwritten, the geology of Rajputana would not 
have fallen into the confusion from which 1 am now endeavouring to 
extricate it“. Future workers in Rajasthan will probably pass a similar 
remaxjk about the work of Heron in Mewar, Danta and Idar states, since 
Herds himself has inverted the succession of ro^ formations given by 
Htddlemiss (1921) earlier In Idar state,. This is especially true when we^' 
Sise tbe eonfusion introduced by Heron in the geology of this part of 
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Rajasthan by considering the biotite-gneisses and calc-feneisscs as Delhis 
instead of Aravallis (Heron, 1936a^ p. 70) with, the consequent elimina¬ 
tion of the post-Aravalli (pre-Delhi) granite types from this area. I have 
tried to impress in the course of this address, the necessity of a resurvery 
of the frontier areas of Idar, Danta, Sirohi and Mewar, which will help 
us in fixing the correct ages of the sedimentary formations of this area, 
as well as of the various granitic and basic intrusions. 

It is gratifying to note that provision has been made in the Univer¬ 
sity of Rajasthan at Udaipur, for post-graJduate (Ph.D.) work in Geo¬ 
logy, and if the Geological Survey of India do not find this work of corre¬ 
lation of enough significance to get the areas re-survoyed, may I hope 
that these non-ofScial geologists from the University of Rajasthan will be 
able to throw some light on these problems. 

It has almost become a custom for the Presidents of this Section to 
speak, at the end of the Presidential address, about the teaching of the 
subjects of Geology and Geography, or the facilities and prospects avail¬ 
able to the Geologists and Geographers in our country. In this connec¬ 
tion, I wish to express on behalf of the Members of this Section, thanks 
to Dr. M. S. Krishnan, our present Director of the Geological Survey of 
India, who took the lead, about ten months ago, in this direction and pro¬ 
posed to the Mining, Geological and Mettallurgical Institute of India, to 
hold a Symposium on "Training for the Mineral Industry'’. This S 3 m.po-< 
sium has already been held in October, 1952, under the auspices of that 
Institute, and many of our Geologists, Mining Engineers and Metallur¬ 
gists have taken part in it. Ih. order to invite more specific comments 
from the Members of this Section, a similar Discussion on "Training and 
Proper Utilisation of Personnel in Geology, Geography, Mining, Engi¬ 
neering and Metallurgy” is being held here under the joint auspices of the 
Sections of Geology and Gieography and Engineering and Metallurgy. I 
am sure something tangible will come out of this Discussion to improve 
the lot of Geologists and Geographers of our country. 
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President: R. K. Saksbna, Dr. ijs-sc. (Paris), F.N.I. 
Presidential Address 

Some Aspects of Physioeocy and Cytodocy oi- Pythiaoeae 

I have mucJi pleasure in thanking the Intlian Science Congress Associa¬ 
tion for inviting rne to preside over the fleliberations of the Botany Section 
this year and giving me an o[»portunity of addressing you. fn choosing a 
subject for a presidential addres.s it is customary and prf)per to give prefer¬ 
ence to one in wliich the speaker has been specially interested. It is this 
which has made me choo.sc as my subject the physiology and cytology of the 
Pythiacea<‘. I am fully aw^are of my limitations, which may not enable me 
to give a picture complete in detail, yet T shall endeavour to present some of 
the imy.)ortant aspects. 


Family Pytiiiaceae 


The family Pythiacoae includes several genera, the well recognized being 
Pythium, Phylophthora. Pythiogetem, Tmehysphaartt an^l Dinsporanghim. 


The genus Pythium was createil by Pringshtnm in 1858, and was placed 
in the family Saprolegniaceae. Later, Cornu (1872) and Berlese and de 
Toni (1888) also agreed with Pring.sheim in assigning these genera a position 
in the same family. In 1881 de Bary publi.shed many articles dealing with 
several genera inclufling Pythium, aiul Phvtophthnrti, which ho for the first 
time placed in the family Pcronosporaceac. A few years later, Fi.soher 
(1892) published his monograph on the genus Pythium ereating .snhgenera 
Aphragmium, Ni’matos 2 )orangium and iSphac-fosporangium. He treated 
Pythium and Phytophthora as elosely related genera of the Peronosporaceae. 
Schrdter in 1897 elevated the subgeiuis Xrtmitosporangiwui (ineluding 
Aphragmium) to generic rank, and included this genus and Pythium (syno¬ 
nymous with Fischer's suhgenus S'pha€ro'<p<yrungium) in a newly created 
far^y, the Pythiacoae, assigned to the order Saprolegnialcs and kept Phyto~ 
pTw^'o in the Peronosporaceae. Butler (1907) in his classical monograph 
on the genus Pythium followed Fischer’s treatment in retaining the various 
species within this single genus. Ho wrote, that the family Pythiaceae ‘may 
be joined with the Peronosporaceae to form an order, the Peronosporineae’ 
((Peronosporales). Fitzpatrick (1923) recommentled that Pythtwm and 
Phytophthora and other closely related genera be included in the family Py¬ 
thiaceae, a division of the Perono.sporales. 


De Bary in 1876 created the genus Phytophthora and recognized its 
sanities with the genus Pythium, The controversy whether Phytophthora 
merged w’ith Pythium or the two should remain distinct and sej^rate 
* g e nera is well knog^im. Butler (1907), Fitzpatrick (1923, 1930), and Midclleton 
<SSioU8sed this proUem at spreat length. 
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The geniis Pylhiogeton was described by von Minden in 1916 and Trachy- 
sphaera by Tabor and Bunting in 1923. 

Other genera also were added to this family from time to time. Some 
of which are Kaxvakamia (Miyabe, 1903), Pythiacystis (Smith and Smith, 
1906), Pyihiomorpha (Petersen, 1910), Zonphagas (Sommeratorff, 1911), 
Stigeosporiam (West, 1916-17) and Blepharospora (Petri, 1918). Most of these 
have been invalidated by various investigators (f’arrott, 1917; Pawcett, 
1920; Ijiionian, 192/>; Smith and Smith, 192;'>; Buisman, 1927; Fitzpatrick, 
1930; Hbhnk, 1936; Blackwell, Waterhouse and Thompson, 1941; Wolf and 
Wolf, 1948; Besaey, lO-lO). 

Of the genera included in the family Pythiatseae, Pythium and Phy- 
lophthora are well known and contain the greater number of species. They are 
of economic significance from the viewpoint of plant diseases caused by them. 


Phy.siolooic'Ai. Stuoiks 

Importance 

As is well known physiology is the study of life f)roce.s,sc.s of organisms. 
The study of fungus ph 3 ’^siology is important from various points <»f view. 

In the identification and cla.ssilication of organisms morphologi<*al charac¬ 
ters are almost exclusively used by the taxonomist. On the other hand 
mycologists and bacteriologists lay emphasis on the physiological characters 
in classifying the genus Fiisarium and bacteria. The work of Tjeoniaii(1925, 
1927, 1934) has also shown that reliable physiological characters should be 
comhigied with the more constant morphological characl ers for the classifica¬ 
tion of the genus Phytophthora, Therefore, it should be our endeavour to 
find out such ])hysiological characters as are uniform ;.nd of sufficient value 
to supplement the morphological characters in the taxonojuy of fungi. 

Borne physiological characters .sm^h as the antibiotic behavioiir may h.elp 
us to distinguish two ne.ar species over which difft^rcnce of opinion among 
the systematises may exist, as has been reported by Jfinto-Lopcs (1948). 
This behaviour may allow us to distinguisli the (—) strain from the (-j-) strain 
as is the case in \lucor racemosua (Harris, 1948). Cei’tain antibiotics may be 
used to control plant diseases (V^aughau vt al., 1949; Whiffin, 19o0). 

For the study of life histories and other aspects of fungi it is necessary 
to maintain them as stable strains in culture. In many cases it has been 
noted that organisms in culture become sterile or show less sporulation. If 
we know their nutritional requirements they can be kept as stable strains 
without losing fertility. 

When a mycologist or a plant pathologist comes across any parasite on 
a host, one of the problems that confront him is to bring the fungus in culture 
because that is the first step for studying the physiology of the parasite— 
a study which is essential for an intelligent control of the disease. In this 
field there are numerous unsolved problems, and oiie of them is the cultiva¬ 
tion of obligate parasites on synthetic media. Ffforts in this direction have 
enabled some workers to grow some of the so-called obligate parasites 
in artificial culture, e.g., Dispira cornuta (Ayers, 1933) and Urocyatis 
occulcUa (Ling, 1940). 

Further a knowlege of the environmental factors including tempera¬ 
ture, humidity and light on germination, gi'owth and sporulation of parasitio 
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fungi is of value for the control of diseases. It is the study of these meteoro¬ 
logical factors which has enabled forecasting services in some countries to 
notify in advance outbreaks of diseases to the farmer so that preventive 
measures may be undertaken before actual attacks. 

The study of the physiology of fungi has led to the progress of many 
industries based on the mycological production of citric acid, gluconic acid, 
lactic acid, st-erols, oxalic acid, etc., and above all the production of anti¬ 
biotics such as penicillin, streptomycin and aureomycin. Critical studies 
have led to the selection of high producing variants of organisms responsible 
for their i^rodTiction, to the formulation of media most suitable for their 
maximum yields, and also to the discovery of other relevant factors. 

No study of physiology is complete without the study of the principles of 
enzyme action because the life proccs.scs of organisms are controlled and direc¬ 
ted by the enzyme systems. 

It may not be out of place to point out here that up to the eighteenth 
century mycologists devoted thomselvo.s mahily to the collection and des¬ 
cription of fungi, and conserpiently the study of fungus physiology remained 
neglecterl. It was the ninetetmth century during which tliis branch re¬ 
ceived some attention of the investigators, and only the last forty years 
have shown notable advances in fungus physiology and a realization of its 
far-roaching importance. 

Now I wish to deal with some as])ects of the physiology of the family 
Pythiaceac. Most of the work ha.s so fur been only on two genera, viz., 
Pythiwm and Phylophthora. 

Nutritional Reqtiirenwnts 

Besides aii adequate supply of water, carbon occupio.s an important 
place in fungal nutrition. It. is well known that the greater jiart of the dry 
weight of fungal body consists of carbon since the c:cll wall, protoplasm, 
enzymes and reserve food tnaterials stored within its botly are compounds 
of carbon. Ft is also a source of energy for the organism. Fungi vary in 
response to different carbon compounds empU^yed to fortify sjuithetic media. 
Composition of these compounds, their structure anti configuration affect 
their utilization, and these factors may affect differently in different fungi. 

In general, fungi, like bacteria, prefer carbohydrates as sources of carbon. 
A survey of the literature shows that no particular .sugar is the best source 
of carbon and energy for all fungi. Glucose appears to bo the most favourite. 
Volkonsky (1934) reported that raffinose was readily utilized by Pythium 
de Baryanum. According to Saksena (1940) and Saksena and Mehrotra 
(1949) dextrose, maltose, soluble starch and sucrose were most favourable 
for the growth of Pythium spp. Arabinose, dextrin, galactose, glycogen, 
inulin, lactose, levulose, mannose, rhamnose and xylose were utilized by some 
of them, while raffinose was, in general, the least favourable source of carbon. 
Margolin (1942, cited by Lilly and Barnett, 1951) observed in the case of 
Pythium ascoyhallon that fructose, glucose, maltose, mannose and sucrose 
were utilized, while galactose and lactose were poor sources of carbon and dex¬ 
trin was not utilized. 

Edgecombe (1938) demonstrated that for Phytophthora cctctorum galac¬ 
tose was a poor source of carbon. From the studies made on twenty-one 
nngi including four Phytophthora species, viz., PhytopMhora ccbdtorumt 
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P.eri^hroscptica, P.fnfiopijri anrl P. merjrf<perma* concluded that out 

of seven sugars testn J by him no sugar suyjportod tJie maximum amount of 
growth for all the fungi, hut all AA ore n-hle to Ait ili/<e glucose, although the maxi¬ 
mum amount of givov li Avas noli a.lways attainerl in this sugar. The more 
closely the configuration (T anottiA'c siiear approached that of glucose the ‘ 
more fungi nlilizc l it. ^Vith regaiYl t<» araliinose and xylose he reported 
that the latter wax more', u* ili/.cd than the former by Ph^dophthora, megaspertna, 
but for P. er}flir!)'^r))>ic« they were very yioor sources of carbon. Dextrin 
was not utili/aal h\' I*f>.)itop}ifhcra fag^apyri like Pythivm nscophallon. Lopa- 
tccki (11)50) fouu l that the optimum concentrations of glucose and sucrose 
were 4% for all syiecios of Phytophthora. stuflied by him. Mehrotra (10.51) 
reported that dextrose, maltose, soluble starch anrl sucrose wore the carbo¬ 
hydrate's best utilizc'^l by tbe ton species of Phytnphthoro,^ Inixlin and lactose 
proved as mcflifXM'c suiirt;es, wRi'e a.rabinose, dextrin, galactose, levulose, 
mannos"', raffinosc, rbam>iosc and xylose wore the poorest sources of carbon. 
The results of this author and that f)f Margolin in regard to galactose utiliza¬ 
tion support the oiiscrv at ions of Kdfreeomlx' (1038). Kaffinose has been 
reported to be utilized slowly b_y J^hytophthorn cacinru.tt), P. polmi vora aiici an 
isolate of/'*. ubili* another isolate of the last named fungus used 

it rapidly (\h>lkonsliy, 1031). 

For a sjiecies of Pythiogeion. f^antin^i (1040) reported that cellobiose, 
fructose, ecdlulose, glucose, nuiltosf*, starch and sucrose supported growth, 
while lactose was incomyilctely us<’d aiul galactose txnd mclibiose were not 
utilized at all. 

Margolin studicid a.lso the effects of mixcxl earbcai sources on tbe amount 
of growth of Phyfophthora rncffii'ipertna and found it to be purely additive. 
No work of this Itind ims been di)ne on other members of tbe P^ythiacoae. 
In certain fuimi it has Iumma reynirtcd that, when thesfA were .supplied with 
a mixture of eariion .sonrees. th<dr amount of growth was much more than 
the calculated one (Florr, ll>3(5). This is an asjieet Avorth investigating. 

Saksena and Mt‘hrona( 11141)) reported that tlie alcohols, viz., dulcite, ery- 
thrite, glyeeriiu*. mannite and sorbite, in general, Av^ere less favourable (as 
carbon sfmree.-') than the sn,.:ars for the sixteen species of Pythium tested. 
Only Pythii'tn f(rt(>tragu.'<. P. dc Baryanmn. var. pelttrgnni, P. deliense, P. 
epipliano^/»oro)i, P. teua^stirton P. pollynidron ami P. rJiizophthoron gy&w well 
in medium containing glycerine, but in the case of P. de. Baryanvm it AA^as not 
utilizcfl. The last result is contraiy to that rcp«>rted by Volkonsky (1934) 
who found it support ing groAvth of the fungus. Most species appear to utilize 
the corresponding .sugars AAith greater facility than the sugar alcohols. Mar¬ 
golin I’eported that Phyiophthora e.rythroscptica and P. megetsperma utilized 
the corresponding sugars, viz., galactose, gluco.se aral mannose with greater 
facility than the sugar alcohols —galactitol. sorbitol and mannitol. Mehrotra 
(1951) tested the utility of some alcohols, viz., dulcite, erythrite, glycerine, 
mannite and sorbite, and found that only glycerine was assimilated most by 
the ten Phytophth<jc(t .species investigated. With regard to the comparative 
utility of alcohols and corresponding sugars the results of this author were 
in general agreement with those of Margolin. 

For Pythiogeton. Cantino (1949) found mannitol supporting definite 
growth, but at approximately one tenth of the rate obtain^ with glucose 
as a substrate. 


Syn. Pythiomorpha gorhapodyoidss 
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The glucoside, amygdalin, was reported to be of little use for the species 
of Phytophthora (Mehrotra, 1951). 

Of the organic nitrogen compounds tested as sources for carbon, Saksena 
(1940) found Pythiuni species utilizing alanine, asx)aragine, aspartic 
acid, glutamic acid, leucine, and to a less extent glycine. The carbon from 
acetamide and urea was not assimilated. 

The growth sujjporting value of fats, other lipoid substances, and of 
many organic acids has not yet been assessed in the case of the members of 
the family Pythiaceae. Further, the respirator^' studies with carbon com¬ 
pounds also remain uninvestigated. 

Protoplasm is composed of nitrogenous substances and many of the vita¬ 
mins and other essential metabolites contain nitrogen which is also a part 
of chitinous cell walls of many fungi. Therefore, nitrog n like carbon is used 
by fungi for functional as well as structural purposes. The various studies 
made so far in regard to nitrogen utilization indicate that fungi may be speci¬ 
fic in the nitrogen sources they utilize. In 1938 Leonian and Lilly studied the 
utilization of amino acids by Pythium oligandrum and Ppolymnstum. Saksena 
(1940), while investigating the nutritional requirements of some species of 
Pythium, reported on the utilization of various nitrogenous compounds as 
sources of nitrogen. r.<ater, Saksena ei al. (1952) fouiul that alanine, aspara¬ 
gine, glutamic acid and urea 'WGtei favourable nitrogen compounds, while 
nitrate and ammonium nitrogen supported mediocre, and acetamide i)oor 
growth of the thirteen Pythium species tested. Lilly and Barnett (1961) 
have listed Pythium de Baryanum (also tested by Saksena et a!., 1952), P. 
intermedium and P. irregulare us fungi utilising nitrate nitr<)gcn. Bobbins 
(1937), who has ciassifieci all organisms according to their ability' to utilize 
different sources of nitrogen, has placed Phytophthoras under organisms 
which are able to utilize organic nitrogen and unable to utilize atmospheric, 
nitrate or ammonium nitrogen. He has cited the thesis of Kincaid who 
worked on thirteen species of Phytophthora which failed to grow either in 
nitrate or ammonia as the source of nitrogen in the presence of dextrose as 
the source of carbon but grew with peptone. But Mehrotra (1949) was able 
to grow Phytophthora cactorum on media containing either nitrate or ammo¬ 
nium nitrogen. Later, the studies undertaken by Mehrotra (1951, 1951a) 
indicated that ammonium nitrate as the sole source of nitrogen was able 
to support the growth of ten species of Phytophihot a. Lopatccki (1950) was 
also able to grow Phytophthora spp. on inorganic sources of nitrogen. He 
found that the growth of Phytophthora cactorum was greater with ammonia 
than with nitrate, while the latter encouraged better growth of Phytophthora 
eryihroaeptica, P. megasperma and P. parasitica. The case of Phytophthora 
phaseoli seems to be an exceptional one since ammonium nitrogen is not only 
not assimilated but also inhibits the normal growth (Saksena and Bhargava, 
1943). Further work on this species could not be pursued as the fungus died. 
These findings of Saksena and Bhargava (194.3) need confirmation and further 
investigation. Leonian and Lilly (1938) tested the utilization of various ami¬ 
no acids and found that Phytophthora erythroseptica could utilize dLa-alanine, 
d-arginine, Laspartic acid, d-glutamic acid, glycine, Z-histidine, Z-proline and 
dU'Oerme, while tso-leuoine, Z-tryptophane and dZ-valine were utilized but 
not so well. They also studied the utilization of various amino acids by twO' 
apefues of. Pythiemorpha {Phytophthora). They are of the opinion that the 
mpeoies of JPnytophth^a and Pj^ium examined by them are capable of syn- 
tSuwiiEiiig their own amino acids from ammonium nitrate. These results 
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have been supported by the investigations of Mehrotra (1951, 1951a) and 
Saksena et al. (1952). 

For the species of Pythiogeton, Cantino (1949) found that ammonium 
nitrogen and glutamic acid supported growth, while nitrate nitrogen did not. 

Carbon source is one of the factors influencing the assimilability of nitro¬ 
gen comx^ounds as reported by various workers (Hagem, 1910; Demmler, 
1933; Steinberg, 1939). Melirotra (1949) found that, in general, ammonia 
was superior to nitrate as a source of nitrogen for Phytophthora cactorum, 
but in media containing sucrose" nitrate was much better than ammonia. 
This aspect of nitrogen assimilation requires further investigation. 

Sulphur is a part of protoplasm, and it has been reported that the acti¬ 
vity of many enzymes depends upon the sulphydryl or thiol group -SH. 
Therefore, it is a structural element. No nutritive medium can ever be of 
any use unless it contains a suitable source of sulphur. Since compounds 
containing phosx^horus have been isolated from fungi jjhospliorus is also 
said to be a structural element. Phosphorus compounds play an imxJortant 
role in the functions of cliemical transformations and einjrgy transfer. 
Recently, Saksena ei al. (1952) have reported that all the eleven species of 
Pythium investigated can utilize sulphur from inorganic and organic sul¬ 
phur compounds tried. Mehrotra (1951a) found that of the inorganic sul¬ 
phur compounds tested the ten species of Phytophthora w'cre able to utilize 
sulphur in the form of sulphate, sulphide, bisulxihide, sulphite, metabisul- 
phitc and thiosulphate. Persulphate was valueless and dithionato was 
the poorest source of sulphur for the Phytophthoras. Of the organic sulx>hur 
comx>ounds tested ^-cystine and thiourea sorvetl as good sources for sulphur, 
while cystein hydrochloride was valueless. Cantino (1949) found that a 
Pythiogeton species was capable of utilizing sulphate and cystine. 
Fischer (cited by Liwoff, 1932) classified organisms into two categories, 

( 1 ) ‘Euthiotrophes’ which can obtain their s\ilphur from ‘SO 4 ’ ions and 

(2) ‘Parathiotrophes’ which cannot utilize ‘SO.’ ions. According to this 
classification the species of Phytophthora, Pythiogeton and Pythium belong 
to the former group. Mehrotra (1949) found that Phytophthora cactorum 
and P. parasitica were able to utilize potassium dihydrogon phosphate, 
casein and nucleic acid, and that both the species had different degrees of 
phosphate tolerance. 

Growth substances 

The importance of growth substances (used in the wider sense) in the 
metabolism and growth of plants and animals has now been well established. 
Many fungi can grow on a medium containing some minerals and suitable 
carbon and nitrogen sources, and out of these they can synthesize the growth 
substances they require for their normal growth and other vital functions in¬ 
cluding reproduction. For such species there is no need of an external supply 
of growth substances. There are other fungi which are unable to grow with¬ 
out an extraneous sujiply of growth substances, which they are incapable 
of synthesizing themselves. The third category consists of organisms which 
grow slowly in the absence of an external supply of growth substances, 
but more rapidly if these are added to their media. Such organisms are 
capable of manufacturing their own growth substances, but do so at a sub- 
optimal rate, e.g., Pythium polycladon (Robbins and Kavanagh, 1938) and 
P. splendens (Ronsdorf, 1935). In such cases the deficiency of growth 
substances acts as a limiting factor and their addition results in a; marked 
acceleration of growth. Robbins and Kavanagh (1942) have given an ex- 
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baiistive account of vitamin deficiencios of filamentous fungi including the 
members of the Pythiaceae. From the list it is clear that a large majority 
of Pythia are organisms requiring no thiamin from an extraneous source 
while some of tlicm and almost all the species of Phytophthora including two 
species of Pythiomorpha and a species of Pythiogeton (Oantino, 1949) are 
thiamin re<puring organisms. Saksena and Verma (1947) reported that 
Pytlnvir. artmthicum did require thiamin, and the same was the case with 
Pyihintn coniplecteiis. Besides thiamin and its moieties, substances such as 
lentil extract., bios from yeast and yeast extract were found to be essential and 
useful to Phytophihora and Pyihiutn. Also a few of these, viz., Pythium 
indiyqferne, Phytophihora colocxtuiae. and probably Phytophihora terreatria 
require more than one growth substance. In some cases it has been found 
that the concentration of the me«lium interferes probably with the synthesis of 
growth substances (Robbins and Kavanagh, 1938, 1938a; Saksena, 1939; and 
Saksena arnl Verma, 1947). 

Growth substances are generally required in minute doses, but in higher 
concentrations they usually inhibit growth. Saksena and Verma (1947) 
reported that in higher (loses of some growth substances tried there was a 
tendency towards retardation of growth in Pythium spp. investigated. 
Lconian and Tjilly (1937) tested about one hundred fungi with regard to 
the effect of /?-indolyl acetic acid (hetero-auxin) on their growtli and came 
to the conclusion that the higher concentrations of this substance proved 
toxic and the lower ones failed to induce atiy stimulation. Mehrotra 
(1951b) found that without a single exception the concentrations higher 
than one part in ten million of the growth substances tried proved inhibi- 
toiy to tiio growtli of Phytophihora spp. 

Aeration and continuous light have been reported to increase the amount 
of thiamin synthesized by Pythiurn artotrogus and P. leticosticton (Saksena 
and Verma, 1947). Further studies in this direction on other members 
are desirable. 

That the reaction of the medium plays no mean part in the synthesis of 
thiamin, an inrlispensable growth substance for a large number of fungi, has 
been reported recently. Tally and Barnett (1947) found that pH 3.8 or lower 
inhibited the .synthesis of thiamin by Sordaria fimi>'ola. No such work 
appears to have been done on the Pythiaceae. 

-Beonian (1935, 1936, 1936a) has shown that some substances are produced 
by corn roots, garden peas, and certain unicellular algae which are of the 
nature of auxins and are capable of promoting growth and reproduction of 
Phytophihora cactorum, when added to ordinary nutrient media. Later, 
Leonian and Lilly (1937) demonstrated a similar effect of the extract of 
garden peas on some other species of Phytophihora and fifteen species of 
Pyihiutn. Haw'ker (1936) reported that the addition of lentil extract induced 
the formation of oospores in Phytophihora erythroseptica and accelerated their 
production in Pythium de. Baryanum. 

Enzymes 

In nature parasitic fungi growing on their hosts, and saprophytes on 
their substrates derive their food from complex natural substances such as 
proteins, jiolysaccharides and lipoids which as such cannot be taken by them. 
Therefore, these , must be convf^ed ipto simpler compounds soluble in water 
before they can be of use to these organisms. This function is performed 

B16 
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by enzymes (known aa exoenzymes) secreted by them. After the sim¬ 
pler compounds have entered tlie cells, synthesis of complex substances takes 
place with the help of enzymes contained in them and known as endoen* 
zymes. 

Brown and his students have now established that in the mechanism 
of parasitism an important f)art is played by a cell-wall dissolving enzyme, 
pectinase, secreted by the hyphae of the parasite. Chona (1932) and Menon 
(1934) studied the pectinase enzyme secreted by certain fungi including 
Phytophihfjra erythroseptica and Pythium de Baryanum. The studies of 
Chona (1932), Menon (1934) and Bamle (1952, on Pythia) have shown that 
constituents of the medium for the culture of these fungi have a marked 
effect on enzyme production, and that the enzyme activity is dependent on 
pH. A parallelism has also been observed by Damle (1952) between the 
capacity of the Pythium species to produce pectinase enzyme and their ability 
to parasitise potato and lettuce tissues. 

Saksena and Jafri (1050) studied quantitatively the various endo- and 
exo-cnzyrncs of seven species of the genus Pyihvmn and found that amylase, 
cmidsin, invcitase, maltase and raffinase were present in greater quantity 
as endo- than as exo-enzynics, while hemicellulase was much more as an 
exo- than as an endo-enzyme. Butyrase, catalase, lipase and proteolytic 
enzymes were also present, the second one as an endo-enzyme only. Lac- 
case, oxidase, rennatasc and tyrosinase were absent. Earlier, the quantitative 
enzyjue studies carried out on Phytophthoras by Mehrotra (1949a) had shown 
that amylase, ccllulase, emulsin, hemicellulase, invertase, maltase and raf¬ 
finase w'cre present both as emdo- and exo-enzymes. Butyrase, lipase and 
lipolytio anrl j^roteolytic enzymes were found in small quantities both as 
exo- and endo- enzymes. Catalase was present in very small quantities 
only. La(;caso, oxidase, rennatase and tyrosinase w'cre found to be absent. 
A detailed study of the factors governing the production and activity of the 
above mentioned enzymes is w'orth attempting. 

H-ion Concentration 

Besides the various aspects dealt with above, there are other factors also 
which i^lay uo insignificant part in the activities of fungi. The pH of the 
substrates both in nature and in culture has a definite effect upon the rate 
and amount of growth and upon many other vital processes such as sporula- 
tion, production of enzymes, vitamins and antibiotics. Reinking (1923) 
found that the two strain>s of Phytophthora faberi on coconut and caco in 
the Phillipine islands were able to tolerate a wide range of H-ion concentra¬ 
tions, the optimum being pH 7.4 to 7.8. Cooper and Porter (1928) observed 
that a Phytophthora isolate, which caused peony blight, produced numerous 
oospores at pH 0.6 and 8.4, while at 5.3 there were comparatively few oos¬ 
pores and conidia. The results of Jackson (1940) regarding the effect of pH 
on the grow th of damping-off Pythia showed the absence of growth at pH 
2.5 and 3.5, while the maximum occurred at pH 5.5 and 6.5. Girginkoc(1961) 
reported that beet plants inoculated with Pythium irregtdare succumbed 
in large numbers at pH 4.9. The incidence decreased till at ]pH 7.1 there was 
no mortality. Saksena (1936) studied the reaction of media on the growth 
of Pythium deliense, and reported that there were two maxima, one at pH 
5 and the other at pH 9, with the isoelectric point at pH 7, and that there 
was no growth at pH 10.6. Mehrotra (1949) also noted two maxima, one on 
the acidic and the other on the alkal^e side, in the case of Phytophthora 
cactorum and P. parasitica. Between the two there was an tM>elec- 
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trie point at pH 7. Cantino (1049) found maximunl growtti of Pythiogeion 
in the neighbourhood of pH 6.6. Growth was negligible at pH 4 or below, 
and at 7.6 or above. Reference dias already been made to the efiFect of pH 
on the activity of enzymes. 

Temperature and Moisture 

Tucker (1931) and Middleton (1943) have summarised the relations 
between temperatvure and growth in Phytophthoras and Pythia respectively. 
Regarding PythiogeUm Cantino (1949) reported 29°C and 20°C as the maxi¬ 
mum and minimum temperatures for growih. While temperature is the main 
controlling factor in the geographical distribution of disease, moisture is 
probably more important in the local fluctuations of disease within a parti¬ 
cular climate. The incidence of a number of root diseases caused by species 
of Pythium and Phytophthora is increased by a high content of moisture in 
soil. The growth and sporiilation of Phytophthora infestan^ has been 
reported by Collins (1925) to be correlated with the water content of jjotato 
leaves—gre ter susceptibility being associated with higher w^ater content. 

Micro Elements 

It has now been well established that there are certain micro elements 
which are essential for normal growth and sporulation of fungi. Very little 
work of this nature has been done on the members of the Pythiaceae. Rob¬ 
bins and Harvey (1944) have demonstrated that manganese is essential 
for Phytophthora megasperma, and Steinberg (104H) has reportetl on the 
importance of calcium in the nutrition of Pythium irregulnrc. Millikan 
(1938, 1942) in Australia observed a definite improvement in wheat crops 
attacked by several root infecting pathogens on the adrlition of zinc sulphate, 
and Sarojini (1951) reported a tlistinct fall in Eusarinm colonization in pot 
experiments with the addition of zinc nutrient solution. For the literature 
on the effect of minor elements in the physiology of fungi reference may 
be made to the review by Perlman (1949). 

(’Ytoloqicajj Studucs 

Importance 

Since the position which cytology in the present day has ct>me to occupy 
in the science of Biology, and the history of the development of cytology 
have been admirably dealt wdth by my predecessor. Hr. S. Ramanujam 
(1962), T shall like to make only a few observations on this -su]>ject. 

Broadly speaking cytology today can be classifiecl into two branches: 
the nuclear and the cytoplasmic cytology. The use of paraffin method 
has resulted in the striking discovery of karyokinesis anfl has rendered great 
service in the study of the nucleus and in particular of the chromosomes, 
the forms of which are preserved with a minimum of distortion. For 
this study the smear technique has also been of considerable help. On the 
other hand the ‘paraffin method’ has given only mediocre results as far as 
the cvtoplasm is concerned. During the present century rapid progress 
h aw been made in the knowledge of the cytoplasm. Near about 1908 the 
appearance of ultramicroscope enabled‘Mayer and Schaeffer (1908) to collect 
«uttT>A essential data on the colloidal nature of the- cytoplasm of animal <^ll8 

__ data which can be applied to plant cells also. At about the same time 

the introduction of ‘mitochondrial methods led to the discovery of chondno- 
^mes. A little later, the taethodic^l nse of vital dyes enabled workers to 
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follow the evolution of vacuoles through all stages of cellular development. 
Finally, other techniques and inventions contributed towards a knowledge 
of the physical properties of the cytoplasm and of its various morphological 
elements. The PVench school, led by Dangeard (P.A.) and GuiUiermond, 
has contributed much to our knowledge of the cytoplasmic inclusjpns. 
Their method has been the use of selective vit^l tlyes coupled with fixation 
procedures. 

Since fungi do nr>t contain chlorophyll and many of them can be observed 
in their own environment and since reproductive bodies of a number of these 
are sufficiently transparent to permit examination without manipulation, 
they have lent themselves admirably to the stmly of cytoplasmic inclusions. 
On the other hand the small size of nuclei in the lower fungi has not 
allowed the investigators to study the chromosomes in detail. 

Oytological studies help us to distinguish precisely ojie generation from 
the other in the life history of an organism. Further, cytogonetic'Hl inves¬ 
tigations of fungi have also proved to be useful in several ways. On 
the basis of such studies Pinto-Lopes (1948) has tried to ex 2 )laiu the differ¬ 
ences of antibiotic power in the different isolations of st>nie species of the 
Hymenomycetes. Also hybrid strains of yeast have been obtaineil which 
show combinations of desirable characters valuable in the fermentation 
industry (Lindegren and Lindegren, 1946; Winge and Roberts, 1948). The 
genetieal w'ork with species of Neurosjwrn has given clues to the path of 
synthesis of certain amino acids (Bonner, 1946). A study tif the inheritance 
of pathogenicity has made it possible to forecast the origin of new races in 
nature. Waterhouse (1929) produced two races of Puccinia gramAni,^ tritici 
that are new to Australia by crossing race 43 with race 34. By selling race 
34,Jie (lil35) obtained race 11 which was subsequently found in an area where 
infected barberries are common. Flarlier, he (1932) obtained two new'^ races 
of Puccinia triticina by inoculating Thalictrutn. Flor (1946) studying the 
mode of inheritance of pathogenicity in linseed rust, Melmnpsora Uni, 
found that in crosses between physiologic races virulence was invariably 
dominant. From 133 Fg cultures of hybrids of race 22 with race 24, 64 
races were identified of which 62 had not been isolated proviou.sly.. Genetics 
of fungi has been reviewed by L.indegren (1948). 

T shall now mention in short the work done on the' cytology of the mem¬ 
bers of the Pj’^thiaccae. 

Zoospore. Fornutiion 

Not much cytological work has been done on the zoospore formation 
in the Pjdhiaceae. Fdson (1915) reported that the zoospore in Pythium 
aphanidermatum was uninucleate with top-shaped nucleus which had a 
nucleolus at the large end and a blepharoplast at the other. The zoospore 
of Phytophthora pahnirora, as figured by Cotner (1930) also contains a single 
nucleus. Earlier, Allain (1935) found that the nuclei in the mycelium and 
sporangium normally divided amitotically, while mitosis was observed in the 
egg- 

OogeneJiis 

Studies on the nuclear behaviour in the species of Pythium investigated 
before 1901 were incomplete. Trow (1901), working on Pythium vUimum, 
published in 1901 the first detailed «iccount of the cytology of sex organs. 
In the same year Miyake (1901) made observations on the cytology of Pythium 
'4e iSaryanum. In 1916 a oytological account of Pythium cbphcmidermdium 
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(Rheoiiporangium aphanidermatum), and in 1927 that of Pythium tortdoaum 
was reported by Kdson (1915) and Patterson (1927) respectively. A fifth 
species, viz., Pythium deliense, was investigated by Saksena (1936). Though 
they report some minor differences yet all of them are unanimously against 
the earlier belief of a collective nuclear fusion in the oogonium. According 
to them only one male nucleus, fu.ses with a single female nucleus, i.e., the 
mature oospore is uninucleate. What happens in cases where several antheridia 
are attached to one oogonium has not been worked out. Tlicir opinions 
in regard to the presence or absence of a coenocentrum differ. This body 
is prominently mentioned in the literature dealing with other families also. 
It is not known whether it represents dispersed products of the gametic nuclei, 
coacervaterl elements from the oosphero cytoi^lasrn, or merely aji artefact 
due to inadequate fixation and staining. The cytologieal comparison of 
the above mentif)ned species of Pythium by Saksena (1936) emphasizes, on 
the basis of nuclear behaviour and cxtranucloar structure, the intermediate 
position of the Pythiaceae between the Saprolegniales and the Peronosporales. 

Jn Pythium, Trow (1001), Miyake (1901), Edson (1915), Patterson (1927), 
Dangearfl (1931) and .Saksena (1936a) have reported the presence of a conspi- 
cmuis cer.tral body in each nucleus. The conlroversy is about its nature. Is it 
a nucleolus (Edson, 1915; Eangeard, 19,31; Sak.scna, 1936a) or a nucleolus 
plus chromatin (Trow, 1901), or only ,a mass of <*hromatin (Miyake, 1901; 
Patterson, 1927)? With the help of F'enlgen reaction .Saksena (1036a) has 
been able to demonstrate that the central body is a nucleolus and is not 
made of chromatin. 

The number of chromosomes in the nucleus is either known imperfectly 
or not known at all. A<‘cording to Trow (1901) their number in Pythium 
ultimum is six or more, and according to Saksena (193(i) it is four or eight 
in P. deliense, while in other species it is not known. 

It has been reported that nuclei in the sexual organs undergo division 
before fertilization. The significance of this division still remains obscure, 
and none has been able to find the reduction division in the species s<i far 
investigated. Only Edson (1915) reported that the first division of the fu¬ 
sion nucleus appeared to be the reduction division, but he was unable to 
count the chromosomes definitely. 

Ceiitrosomcs— one on either pole of the spifidle— have been reported 
in Pythium torvlosum by Patterson (1927) and in Pythium d^eliense by .Saksena 
(1936a). 

Oogenesis in Phytophthora erythroseptica, P. cambivora and P. himalay- 
ensis all the three possessing amphigynous antheridia, has been worked out 
by Murphy (1918), Allain (1935) and Mundktir (1949) respectively, while in 
Phytophthora cactorum (normally having paragynous antheridia) by Blackw-^ell 
(1934). The oogenesis in these fungi is essentially like that in Pythium. 
Mundkur (1949) has reported several points of difference between his 
material and several species with paragynous antheridia whi(?h throw 
some light upon the evohition of the amphigyny. Only in Phyto¬ 
phthora cambivora coenocentrum has been reported (Allain, 1935). In general 
the central body in the nucleus has been termed the nxiclcolus. Meiosis has 
not yet been demostrated in any species. The number of chromosomes 
in Phytophthoras still awaits investigation. In this genus also the signi¬ 
ficance of nuclear division before fertilization is not known. In the hetero- 
thallic species of Phytophthora it will be worth' investi^atini^ as to wher^ 
segregation of sex t&kes place, 
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Chondriosomes 

Of the VAriouB synonyms occurring in the literature the term 'chondriome* 
proposed byMeves in 1908 (cited by Guilliermond, 1941) for the entire daon- 
driosomal content of a single cell, is used by most of the French cytologists. 
Newcomer (1940) retained the term mitochondria coined by Benda in 1897 
(cited by Newcomer, 1040) on the grounds of common usage and a cert am 
priority. For a long time chondriosomes (mitocliondria) were considered 
either as artefa sts or symbiotic bacteria. Investigations during the present 
century have ad lrrl maich to our knowledge of their structure, and physical 
and histoohemical characteristics. According to Guilliermond (1941, p.5G) 
the chondriosomes were first observed in animal cells but Newcomer (1940, 
p. 86) i.s of file opinion that they were first seen in plant cells and thfsir first 
adequate description and suggested function resulted from the study of insect 
cells. In his review he has not quoted any literature in regard to their 
being observed for the first time in plant cells. The first detailed description 
of chondriosomes in plant cells was made by Mevos (1904) who observed them 
in the tapotuin cells of young anthers of Nymphaea alba. The chondriome 
in fungi was describcfl for the first time in the ascus of Pnshjlaria vesiculosa 
by Guilliermond in 1911. Chondriosomes are made up of lipoprotein com¬ 
plex in which lipoids (phosphoaminolipoids) predominate. It is probable 
that they are surroun<led by an absorbed layer of protein which prevents 
them from being stained by fat dyes (Bourne, 1942). Ordinary fixatives con¬ 
taining acetic acitl or alcohol profoundly alter the choiiflriosomes. This is the 
reason why they escaped attention of earlier workers before the introduction 
of mitochondrial fixative.s containing usually strong oxidising agents which 
presumably convert the unsaturated fatty acids of chondriosomes to hydro- 
xylic^acids rendering them chromatic with acid dyes. They may be grai\ular, 
rod-shaped or filamentous. These elements exist in every plant cell except 
in bacteria and the Cyanophyceae. Chondriosomes are living permanent 
elements which maintain their individuality in vanous phases of the life cycle 
of an organism and they are never seen to arise de navo. 

Guillicrtnond's book, The Cytoplasm of the Plant Cell, and reviews 
by Newcomer (1940, 1951) give elaborate accounts of chondriosomes. The 
function of the chondriome in plant cells—more so in fungi— is not known 
definitely. There are various hypotheses in respect of their role. They 
have been cfinsi^lered as centres for reduction ancl oxidation, as sources of pro¬ 
teases and various diastases, as centres of oxidases and vitamins, as chemical 
catalysts, as centres of secretion, and as playing some role in heredity 
and in respiration. 

The chondriome in Pythium aphanidermalum and P. muscae was investi¬ 
gated by Fdson (1915) and Bangeard (1931) respectively, while in the case 
of Phytophthora cambii'ora it was worked out by Bufr^noy (1926) and Allain 
(193.5). Saksena (1936), and later Saksena and Bose (1948) investigated the 
chondriosomes in many species of Piffhium. Mehrotra (1949) stuiiied these 
elements in many species of Phytophthora. The fixation procedures in all 
Cases were coupled with the use of several vital dyes for examining the 
fungus material in vivo. Their results are summarised below. 

All the three forms of chondriosomes, i.e., granular, rod-shaped and fila- 
n^ntous were present in varying proportions. Acetic acid, alcohol, commer¬ 
cial formalin and picric acid had no marked effect on them specially in 
Pythium. They were not destroyed up to a temperature of 66°C. With 
the Kolatcbev’s technique the chondriosomes were preserred, resjculisation 
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being more marked in hyphae kept in the fixative for 15 days. Janus green 
Hocht B proved to be least toxic, while Dahlia violet and other vital dyes— 
specially in higher doses—caused much vesiculisation. They were not seen 
arising de novo. They were observed fragmenting. 

It has been reported that in animal cells the composition of mitochondria 
appears to vary in different tissues under different conditions (Bourne, 1942). 
This has been the experience also of Saksena (1936) and Saksena and Bose 
(1948) in the case of Pythium spp. where they found that fixatives containing 
alcohol or acetic acid or both produced no marked effect on the chondri- 
osomes, showing that they differ to some extent in their chemical composi¬ 
tion from those found in green plants and some fungi. 

Vacuoles 

Spallanzani (1776, cited by Zirkle, 1937, p.l) for the first time observed 
vacuoles in animals, and Meyer in 1835 depicted a vacuole in a mp.ture plant 
cell. It was de Vries (1877-1886, cited by Zirkle, 1937, p.2.) who brought 
out the importance of vacuoles in osmotic phenomenon of the cell and showed 
that a mature platit cell may be compared to a small osmometer. Went 
(1883, cited by Zirkle, 1937, p.2), a student of de Vries, reached the general 
conclusion that all x^lant cells contain vacuoles. For a general survey of the 
literature reference may be made to the reviews by Zirkle (1937) and Guillier- 
mond (1941). 

The vacuolar system of a cell, whether the cell had one or more vacuoles, 
was called the vacuome by Dangeard. The question of the origin of the vacu¬ 
oles remained uncertain for a long time, because neither observation of liv¬ 
ing material nor fixed and stained preparations made it possible, in general, 
to follow the development of these elements. De Vries (1885) and later, his 
student Went (1887), held that vacuoles were permanent components of the 
cell and could not in any case arise de novo but were always transmitted by 
division from cell to cell like nuclei and plastids. Sharply t)pposed to this 
view was that of Pfeffer, Nemec and other botanists (cit^ by Guilliermond, 
1941, p. 128). They were of the opinion that vacuoles simply arose de 
not>o in the cytoplasm whenever water and certain dissolved substances be¬ 
came abundant enough to form visible droplets. Credit must go to Dangeard 
(cited by Guilliermond, 1941, p. 129) who initiated lesearches in a new direc¬ 
tion by establishing the fact that the ability to accumulate vital dyes was a 
general property of vacuoles. From this time onwards rapid progress was 
made in the study of the origin and evolution of the vacuome. Guilliermond 
(1941) and his students made notable contributions in this field. 

Various functions have been ascribed to vacuoles in plants, but the three 
most likely ones are the maintenance of osmotic pressure, storage of a large 
number of metabolic products, and excretion of toxic substances. Recently 
Bose (1943, 1960) has emphasized that plant vacuoles—specially in fungi— 
are most probably the store houses of enzymes. 

The vacuome in many species of Pythium and Pkytophthora has been 
studied by Saksena (1936) and Saksena etal. (1949) with the help of vital 
dyes. Their results are summarised below. 

It has been found that the acid dyes, in general, do not penetrate the living 
hyphae. A few are incapable of colouring any component except the oyto- 
plasxn. Of the basic dyes neutral red, found to be the least toxic, accumulates 
oxdy in vacuoles; cresyl blue, nils blue and toluidiue blue (2 rag. per cent.) 
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accumulate in vacuoles but in higher concentrations they colour the 03 'to- 
plasm anil nm:lei also. Basic fuchsin, Bismark brown and methylene blue 
have an affinity for cytoplasm, while Dalilia violet, Janus green Hocht 
B and methyl violet have an affinity for chondriosomes. Cresyl blue, Janus 
green Hdcht B and methylene blue are reduced to their leucobases when used 
intravitalic". Their leucobases behave like their oxidised forms, but the stable 
pink derivative of .Janus green is unable to enter the living byphae. Neutral 
red is of great help in finding out whether the cell is living or dead, ft 
accumulates in vacuoles in the living cell, but on its deatli it is thrown out of 
the vacuole and it then stains the dead cytoplasm. 

In .sj)ecies of Ptjthimn and Phytophthara studied, vacmdes at the tips of 
hyphae arc generally small, round or ellipsoidal bodies, and further back, 
are seen as vacuolar canals which extend long distances inside the hyphae. 
They are seen arising de novo at the extreme tips. Fragmentation of bigger 
vacuoles into smaller ones is also seen. 

Vacuoles in the vegetative mycelium of species of Phylophthora are not 
stained intravitally with neutral red, while in the species of Pythiwm growing 
on a j)oor medium they take up the dye. In Pylhium spp. neutral red accu¬ 
mulates in vacuoh'S between pH 5.5 and S..5. Metachromatiii and tannins are 
absent in the vacuoles. 

Many investigators who have studied, without the help of vital dyes, 
the life histories of Pythium and Phylophthora, have made general observa¬ 
tions on vacuf)lcs in their reproductive organs. 

Qolgi Apparatus 

By using methods of silver nitrate impregnation the Italian investiga¬ 
tor, Golgi (1S98), brought out in the cytoplasm of nerve cells of the bam oavI’s 
brain a network of very fine filaments which he called the ‘internal reticular 
apparatus’, later known as the Golgi apparatus. In animal cells the tests 
for it, as summarised by Gatenby and Beams (1950,p. 386) are that (a) it 
goes black in the formalin silver nitrate and osmic Golgi apparatus methods, 
(b) except possibly for certain male germ cell dictyosomes it docs not stain 
in neutral red, (c) it j^asses ccntripetally and is found below the fat in 
ultracentrifuged cells, (d) it does not stain in methylene blue and (e) it is 
not dissolved out of formol fixed material by paraffin imbedding. Attempts 
to homologize the Golgi apparatus with some constituents of plant cells 
have not met with success. Some of the important hypotheses are briefly 
reviewed below. 

Having been struck by the resemblance of the young filamentous and 
reticular vacuoles in embryonic cells to the formation known as the Golgi appa¬ 
ratus in animal cells, Gudliermond at first formulated the hypothesis that the 
Golgi apparatus might well correspond to the vacuolar system in plant cells. 
The zoologist Bowen (1928) found in the cells of some higher plants struc¬ 
tures which he called ‘osmiophilic platelets’ and he felt inclined to homologize 
these with the Golgi apparatus. Gatenby (1928) and his collaborators also 
were of the same view. Beams and King (1935) claimed to have demoiis- 
tratetl the existence of the ‘osmiophilic platelets’ of Bowen and Gatenby 
by subjecting the bean root tips to ultra-centrifugpng. 

Weier (1932) after studying the Bryophyte plastid concluded that pro¬ 
bably plastids in plant cell were homologues of the Go^ apparatus. 
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During this period Guilliermond and his students continued invegtigat- 
ing a vast and varied plant material to find out a homologue of the GSolgi 
apparatus, and in view of new researches Guilliermond (1935) published hi3 
revised views on the subject. According to him (Guilliermond 1941, p. 199) 
“the Golgi apparatus does not exist in plant cells. If wo pass in review the 
various work on cells carried out with the idea of finding a Golgi apparatus, 
we see that all that has been described as such corresponds either to the va¬ 
cuolar system or to the chondriome (chondriosomes and plastids)”. Further 
his researches have proved that the so called ‘osmiophilic platelets’ are noth¬ 
ing but the vesiculated chondriosomes in most cases. 

Saksena (1936), using the Golgian technique, arrived at the same conclu¬ 
sion, in the case of some species of Pythiuni, regarding the Golgi apparatus. 
The woT‘k done on the Golgi apparatus in plant cells has been reviewed by 
TT.iJ -n (1940). 


CoNCIiUSION 

In the short time at my disposal I have tried to give an account of some 
aspects of the physiology and cytology of the Pythiaoeae, and at appropriate 
places have indicated where more work is needed. From what 1 have said it 
is apparent that most of the W'ork so far has been on two genera only, viz., 
Pythium and Phytophthora. The other genera remain uixinvestigated, probably 
on account of their leaser economic significance. In India fungus physiology 
and cytology, in general, have so far not received as much attention as they 
deserve, but I hope that more contributions will be forthcoming. 
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Presidential Addi^ss 

President. —N. KESAVA PANIKKAR, M.A., D.Sc., P.A.Sc., F.N.I. 

A FEW THOUGHTS ON THE PROGRESS OF 
ZOOLOGY IN INDIA 

I am deeply conscious if the honour which the Science Congress 
authorities have done me in electing me as President of the Zoology and 
Entomology Section of the Congress foi* this year. My contacts with the 
Congress are somewhat recent and I still remember the intelJectual enjoy¬ 
ment of my first participation at this Congress which was at the Silver 
Jubilee Session, celebrated in Calcutta in 1938. It has been a great privi¬ 
lege to extend the friendships and associations with fellow Zoologists 
from all over the country which, this large organization has enabled me 
during the many subsequent sessions. It is, therefore, no small pleasure 
for me to be the recipient of your esteem which T value highly. 

INTRODUCTION 

Sectional Presidents of the Congress usually select for their addresses 
topics in which they have made contributions to the advancement of 
knowledge, reviewing the subject from the perspective of their own 
scientific work. This general practice has, however, been departed from 
by some of our previous Presidents. In these day^ of increasing speciali¬ 
zation, any subject of restricted interest, eus I would have been incIiVied 
to select from my own field of study, would probably appeal to only a 
section of our colleagues assembled here. On the other hand there are 
certain: points in the general progress of our Science which, appeared 
to me as being worthy of examination from the standpoint of itsi further 
development for which, we all strive. Opportunities when Zoologists of 
different interests meet and exchange ideas are not frequent in our 
coimtry of distances; such meetings when they do take place are utilized 
for the exchange of factual information on problems of investigation. 
Facts and ideas are essential to the development of any science and it is 
occasionally useful to examine the conditions under which facts are dis¬ 
covered and ideas developed. It would have str*uck many of usi whether 
the status of zoological studies in our country at the present time is such 
as would foster the advancement of our Science in the same manner as 
creative work in the field of biology is encouraged by such studies else¬ 
where. In tiiift brief address I wish to place before you a few thoughts 
on the progress of Zloology in India. It is natural that in presenting these 
observations, I may have emphasized some of our shortcomings rather 
than our achievements. It is not my desire to underrate the great efforts 
which our colleagues throughout the country are making to improve 
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zoological work in the class room and in the laboratory. There arc, how¬ 
ever, many difficulties yet to be overcome, while new problems continue to 
arise retarding the progress of our science. As scientists, we have to 
face these problems with courage and intellectual honesty and strivtf for 
the integrated advancement of zoological sciences. In a country like ours, 
which is predominantly agricultural, with problems of population, food 
and public health remaining to be tackled on a scale so vast as never be¬ 
fore attempted in any other country, it docs not require siJecial mention 
that the development of highc't- Zoology in the applied branches has to 
make major contributions' to human welfare. Such i>rogress in Ihc applied 
field can take place only if our institutions proceed with sound teaching 
and research in Zoology, developing the Science as a.' fundamental branch 
of knowledge, 

FACTORS RETAROIXG PROORESS 

It is also appropriate that an examination of factors retarding our 
progress is done at Lucknow which is now, thanks to the effoits of Prof. 
Bahl, probably the most advanced centre of University Teaching of Zoo¬ 
logy in India. In hia address to the 11th Session of the Science Congress 
at Bangalore in 1924, Bahl dealt with aspects of zoological work in the 
country which required new orientation and pointed out the means 
whereby we could effect substantial chan,ges. The remarks then made by 
him on many points hold good even to this day in spite of the several stops 
forward taken, by us during the past thirty year^. Recently, he has also 
indicated the need for further reorientation and emphasis on physio¬ 
logical work. Almost all of our 27 Universities in India teach Zoology 
and most Universities have many institutions preparing candidates for 
University Degrees with Zoology as principal or as subsidiary subjects. 
If we are to note the number of Graduates in, Zoology coming out every 
year from our Universities, wo should be able to report a very impressive- 
figure, but it is a matter of groat disappointment that even though a 
large number of persons receive zoological training, the number of real 
Zoologists turned out from the Universities is indeed small. This is 
something which should set xis thinking. Arc the large numbers of 
trained graduates not available to the country because of lack of oppor- 
tunitie.s? If it is not entirely lack of opportunities, what are the causes 
for the low output of original obsci'vations by the vast majority of our 
University men, among whom may also be counted many actively connect¬ 
ed with intellectual life ard teaching ? Similarly, although, we now 
encounter in all walks of life persons who have learnt the subject in their 
Universities, how few of them have kept any interest in our branch of 
Science, which, without much expense or equipment, can provide unrivalled 
opportunities for pursuit in our country? The conclusion is inescapable 
that our methods of instruction at the University stage have not been 
8uc]i aa to proate in most of our men a living interest int the science to he: 
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pursued for its own. sake with the same enthusiasm as one may take to 
certain other branches of knowledge. I am aware that this criticism is 
not necessarily confined to Zoology but in n large measure can be applied 
to most other sciences, 

ZOOLOGY AND THE COMMON MAN 

Lack of popular interest. 

Ample evidence exists that interest in animal life was keenly evinced 
by our people from ancient times but the science of Zoology in its present 
form is, however, new to our soil and has grown only as a result of British 
influence beginning from the later part of the last century. The majo¬ 
rity of our early professors and specialists were either British Scientists 
or those trained in British Universities and their pioneer efforts have 
been the cause of the growth of Zoological Departments all over the 
countryw The subject, on the whole, has jema ned an intellectual pursuit 
at the University or the Degree College and it has never diffused from 
those centres of learning to the Common Man—neither to the educated 
people of the towns nor to the people of our villages. To most, of them 
the subject is either repugnant as a disiciipline which requires the hand¬ 
ling, dissection and examination of ‘iow and disrespectable’ organisms or 
at best as a necessary evil in the form of a subject of study for securing 
a Degree. Unlike many other disciplines, mere especially belonging to the 
humanities, the educated public find it difficult to take interef/t in zoolo¬ 
gical topics. The gap between the Zoologist at a centie of learning and 
the person of general cultiu'e is something enormous in the field of general 
biological knowledge. As a first step in the progress of our Science, 1 wish 
to draw attention to the immense task of popttlarization of our subject 
that awaits us and to say that diffusion of floological knowledge to the 
common man is something which calls for an all-round effort. Let us 
see how this may be effectively done. 

FOPITLARIZATION 

It may be '■jgitimaloly asked whether such diffusion of knowledge is 
essential or even desirable. To those brought up in the background of 
classics and nurtured in humanities, this may even appear as totally un¬ 
necessary. While the spectacular achievements of physical sciences and 
the philosophical basis of mathematics impress them, it is not unusual to 
find persons of culture totally disinterested in the forms of animal and 
plant life around them. For these shortcomings in our people, we have 
also to take part of the blame because we have not taken sufficient pains 
in putting our knowledge across to the common man and to impress on 
him the very high cultural background provided by our Science. Intelli¬ 
gent appreciation of nature, based on full knowledge of living forms 
around us is an objective in which, had we been enthusiastic, we should 
have little or no difficulties in enlisting sjrmpathy and active coopera- 
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tion. Protection of living organisms is a sentiment which runs through 
centuries among our people. We could create interest in the enjo 3 rment 
of nature, the preservation of that nature from wanton destruction by 
ourselves and the part animal life around us plays in the economy of opr 
lives—all leading to a biological outlook based on a fuller knowledge of 
animals and plants around us. Among the so-called educated persons, 
how few know the zoological processes involved in people contracting 
malaria, locusts damaging our crops,' parasites causing diseases, fish being 
cultivated or our lives made uncomfortable by insect intruders. 

DC:F£CT1V£ FOUNDATION' IN THE SOHOOU 

The complete absence of biological outlook among the vast majority 
of the people is mainly brought about by the neglect of the subject in our 
schools. The languages, mathematics, history, geography and many 
other subjects are taught, but when it comes to biology the subject is 
cither omitted or relegated to dry-as-dust descriptions of a few plants 
and animals. It is often forgotten that to the school-going boy or girl, 
his or her own body is a matter of considerable interest and factual infor¬ 
mation of how the body works will always be of absorbing interest. 
Similarly the general cultural aspect is overlooked that among living 
organisms can be understood patterns that grow from simple to the more 
complex and advanced forms of life unfolding the concept of evolution, 
an impression of which will generally give to the growing mind the broad¬ 
est outlook in the history and progress of human achievements. 

INADEQUATELY EQUIPPED MEDIUM OF INSTRUCTION 

Terminology. 

In laying the proper foundations of biological teaching in our schools 
the major difficulty at the present time is the'fact that our languages are 
not adequately equipped to impart instruction in biology. In the vast majo¬ 
rity of our schools, the subject is taught in the regional languages, about 
the advantages of which there is no difference of opinion. Practically no 
Indian language has a sufficiently developed vocabulary or suitable text¬ 
books or general works on the basis of which instruction in Zoology, 
Physiology and Botany could be given to the pupils.. The result of this 
has been the almost complete neglect of biological sciences at the School, 
giving no background to boys and girls for a wide concept of living orga¬ 
nisms, The preparation of suitable simple books in biology in our prin- 
pal languages of the country should receive very urgent attention not 
only, because such a development can pave the way for laying the 
foundation of biological studies in the school, but equally so for providing 
the means for adult education in biologry for the village. In the prepara¬ 
tion of these school texts in the different languages, the need is para¬ 
mount fcMT the adopUon of standard terminology, so that technical tsnns 
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adopted will be the same throughout the country and as far as possible 
in conformity with international usage. 1 am aware that these questions 
are receiving the attention of Central and State Governments and a few 
Universities, but the pace at which things move could be accelerated only 
if we take more active interest. We have here Zoologists drawn from the 
various parts of the country representing different languages and it 
would be a very healthy development if we could work out standard 
terminology of technical terms in our own .science and recommend them 
for general adoption. 

DIFFUSION OF SCIKNCES FROM CITIES TO VIEEAOES 

The diffusion of zoological knowledge can also be viewed from a 
different angle. Our centres of learning have mostly been in the cities 
where the older Universities originated and flourished; even the later 
Universities, owing to obvious other reasons, have developed principally in 
urban centres. The sciences have, therefore come to be regarded 
as metropolitan learning. The task of popularization is again one of 
diffusion of scientific knowledge from the cities to the .smaller towns and 
villages. In recent years there has developed a movement for starting 
affiliated colleges in the smaller Provincial centres and this should help 
a great deal in the dissemination of scientific knowledge, but actual re¬ 
sults will fail to bo achieved if we are not able to find some suitable 
method for large scale efforts at popularization. Two possible lines of 
attack can be indicated, the Provincial or District Museum and the local 
Scientific Society. 


MU8E1TMS 

In India we are fortunate in having some of the oldest of modern 
museiums and these institutions have play<.*d a very important part in the 
development of biological sciences. Special mention is necessary of the 
Indian Museum at Calcutta, the Madras Museum and the Prince of Wales 
Museum at Bombay. Other Provincial Museums were later developed 
with varying amounts of emphasis on Natural History. Here again 
zoological and botanical interests were often sacrificed for the sake of 
the more spectacular achievements in our ancient history and prehistory. 
Apart from this, the museum movement has not kept pace with the rise 
in literacy and general level of education. While older museums have 
further grown or have just maintained themselves, the number of new 
museums which has sprung up is negligible and many large States, 
although having several important cities, have often nothing more than, 
small museums at the seats of Governments. In the furtherance of zoo¬ 
logical knowledge, it is very necessary for us to pay attention to the more 
active development of museums in the various important Provincial 
towns. The opportunities which villagers have for visiting the cities 
like Calcutta, Bombay and Madras are limited but most people at some 
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limo or other will visit the headquarters of their own districts. What 
could be more desirable than, the development of small museums at 
least in the principal cities of the more important districts? The ques¬ 
tion of raising sufficient funds is no doubt involved and to my mind it ^ 
appears that it should not be difficult to sxirmount the financial burden 
if natural history museums in colleges are subsidized and developed into 
small Public Museums. Zoological gardens and aquaria arc culturally 
part of museums and their development should also proceed side by side. 
There is room here for active co-oporjation amongst Provincial University 
or Colleges, the District or other Local Boards and the State Government 
in the development of a most effective instrument in adult education. 

THJfl JLOCAI.. NATITKAL, HISTOltY AND SCIENTIFIC SOCIETY 

I wish now to refer to another valuable agency for the development 
of our science which, speaking for the country as a whole, we have 
hardly developed. In all countries the local natural history and scientific 
societies began to develop soon after the time when interest in biological 
sciences began at the Universities. These institutions, often from very 
humble beginnings, have played a significant part in the growth of 
natural history and field studies and have substantially contributed to the 
growth of biological ideas. Many European countries smallei- than Some 
of our larger districts have several societies which worl: for the promotion- 
of zoological studies, especially among those who may not have had an 
orthodox training in Zoology. They periodically meet, exchange, collec¬ 
tions, organize expeditions and publish the scientific results, however- 
imperfect they- may' be, reported by' the members. These societies 
have kept the subject alive in the minds of people whose occupations may 
be varied and remote from science by providing opportunities for pur¬ 
suing their natural history interests as a hobby. In fact these institu¬ 
tions have and do still provide serious pleasure to a largo number of 
culturally active individuals whose collective achievements in the accu¬ 
mulation of scientific information would rank very' high. In our country 
a very remarkable record of unbroken service to the cause of field scien¬ 
ces is that of the Bombay Natural History Society. The fifty volumes of 
its Journal which this Society has published out of its own funds bear 
ample testimony to what can be achieved by the enthusiasm and interest 
of persons, not necessarily scientists, who, although mostly in other occu¬ 
pations of life, have been, able to take such an abiding interest in Natural 
History. 

It is, however, unfortunate that considering the size of the country 
and the scientific opportunities available both, to the trained Zoologist 
and to the amateur naturalist, the scientific societies in exiistence are so 
few; even those existing are not so sufficiently patronized as to enlarge 
the scope of their activities or to undertake projects which involve fi.nan- 
eial outlay. A few societies which exist in connection with Colleges or 
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Universities are too classroom-minded to be effective as dispensers ©f 
biological knowledge; most of them lack continuity of effort. I wish to 
place before the younger zoologists* scattered throughout the country th© 
idea that if they could organize smaller bodies or working parties to 
study animal life in their own centres and enlist the enthusiasm of non¬ 
zoologists as well, they would probably have given a good start in the diffu¬ 
sion of zoological knowledge from the scats of learning to the people. 

ZOOLOGY OUTSIDE THE CLASS ROOM FIELD ZOOLOGY 

AND ECOLOGY 

Bite.kwarciiu^H in Studlt's. 

Rise of MfKlorn Keology. 

The reference which I have made to the part which natural history 
societies could play in the spread of zoological knowledge leads mo to 
discuss the backwardness of field zoological studies in India. Field zoolo¬ 
gists amongst us are admittedly few. Even among those who have taken 
to zoological work as a vocation, those familiar with our aquatic or bird 
life or insect fauna are not many. Often their handling of the subject 
in the class room is divorced from the animal life around them. It is a 
common experience to find many teachers of zoology preparing students 
for Degree being unfamiliar with the common birds or insects frequent¬ 
ing the area where their laboratories are situated. Fewer persons take 
interest in pond-life or marine life. The teaching is mostly the reporting 
of facts from the pages of text books. The defect no doubt has to be 
traced to the class room where many of the teachers have been trained 
and the lack of attention to that essential aspect of zoological work viz. 
observations on living animals. The science of zoology includes both the 
descriptive aspects of natui’'^! history and the quantitative expression of 
these qualities based on the finer analysis in the laboratory. The exten¬ 
sive work of many keen students of nsrtural history during the last cen¬ 
tury formed the basis of ideas of natural selection and evolution. For 
many years zoological science has remained a descriptive sciemce but in 
the last four decades has occurred an immense expansion in the analy¬ 
tical work on zoological problems by the extensive application of methods 
belonging to the exact science of Physics, Chemistry and Mathematics. 
This impact of exact sciences on the descriptive sciences has no doubt 
been a most beneficent influence which has broadened the scope and out¬ 
look of our subject. We arc all agreed on that. But there is al tendency 
among a large proportion of our zoologists to forget that the greatest 
laboratories available to them are those provided by nature. The I.ouis 
Agassiz dictum: “Study nature, not books” may well be recommended to 
many whose familiarity with the subject lies within the class room, books, 
museum and laboratory specimens. The casual observations on the 
habits of an animal here or there, while good, may not lead to great 
strides of knowledge but most Important findings await observers who by 
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the application of quantitative measurements, stiidy the animal popiila- 
tions in relation to their surroundings under natural conditions. The rise 
of modern ecology during recent times is a landmark in the development 
of our science, thanks to the pioneers like Shelford and Alice in America 
and Klton in Britain. Earlier ecology consisted of the enumeration of 
plants or animals forming communities, A closer relationships was at¬ 
tempted in later studies but at the present time, we are in poF<sesaion of 
techniques enabling us to proceed with the quantitative asso.ssment of 
populations, their interactions and their evolutionary responses to chang¬ 
ing conditions. Field Zoology as we now understand can extend from 
the simplest observation,s of natural history to the most intricate analysis 
of dynamics of animal populations. It is a, wide enough field for all stu¬ 
dents of our subject ranging from the amateur naturalist to the mo.st 
accomplished laboratory scientist. 

MARINE BIOL.OOICAL. STATIONS 

Tn his Presidential Address to our Section in 1942 at Baroda, Dr. Rao 
has laid emphasis on field studies with particular reference to marine 
biological stations. The value of facilities for studying marine life as an 
aid to the teaching in the Universities, and for providing adequate faci¬ 
lities to workers on fundamental problems has been fully indicated in his 
address. Since that time, wo have made some progress, admittedly small, 
considering the number of Universities and Institution,s which have 
sprung up for teaching Zoology all over the country. A Marine Fisheries 
Research Station has been .set up by the Government of India at Manda- 
pam with considerable facilities for marine work while the Government 
of Bombay have opened the new Taraix)rewala Aquarium at 
Bombay. In both these institutions, facilities available for 
visiting students and workers from Universities are very much limited 
owing to various reasons, the most important of which is that these are 
primarily fishery institutions; pure research and instruction in marine 
zoology can play only a minor role. With these now institutions and the 
existing centres at Trivandrum and the Kru.sadai Islands, opportunities 
of field teaching have somewhat extended but are still very inadequate. As 
F.o strongly advocated by Rao, more in.stit\itions should come up and bet¬ 
ter facilities have to be provided in the existing institutions^. There has 
also been an increasing’ interest in the advancement of oceanographic stu¬ 
dies in the country. The greatest obstacle to progress is the absence of 
Research Vessels for making observations in off-shore waters but the 
recent expansion of power fishing projects now receiving the attention of 
the Central Government may probably provide opportunities for marine 
work both on the applied aspects of fisheries and on the fundamental as¬ 
pects of marine .science. 

FBISSH-WATER STATIONS 

While we have many potential centres for marine studies which could 
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be developed, we have relatively few centres for developing studies on 
fresh-water biology on any extended scale owing to the absence of large 
fresh-water lakes. Our limnological problems are not those concerned 
with lakes but with rivers and tanka! and in the selection of suitable 
centres wo should be guided by that principle. The delvelopment of the 
reservoir at Mettur for fresh-water biological work, as advocated by Dr. 
Hora, should receive the active support of scientists because of the 
special advantages offered by the site; other centres suitable for riverine 
problems may exist in the States of Uttar Pradesh, Bihar and Assam. It 
is to be hoped that the Universities of these States! will pay attention to 
the pursuit of fresh-water biological studies abd develop suitable centres- 

ESTUARINE STATIONS 

The geographical peculiarities of our country provide a biological 
complex offering excellent opportunities for field studies which it is hoped 
will be more fully developed and utilized by our workers. This is the 
estuarine biotope. Pioneer work has been done on the fauna of estuaries 
and backwaters of India by Annandale and Kemp by the study of the 
Chilka Lake; other investigators have followed in Bengal, Madras 
(Adyar) and Travancore and we have a fairly good idea of the major 
elements of the fauna of the backwaters and estuaries of these tracts. It 
should now be possible to open up more extensive field-biological and 
physico-chemical studies on the estuarine environment, leading to a cor¬ 
rect evaluation of the faunal elements in relation to the habitats, based 
on intensive quantitative observations. The extensive river systems of 
the Godavari and the Krishna remain completely unexplored and it is to 
be hoped that 2<ooIogical Institutions coming up in the Andhra area will 
develop studies on these rivers which will be of great interest in 
the development of tropical aquatic biology. The Chilka and Pulicat 
Lakes, both having very valuable fisheries, yet remain to be investigated 
from the standpoint of quantitative ecology and production of life. The 
field material available to us for aquatic biology is very large and should 
commend itself to zoologists working in centres where natural facilities 
exist for such studies. 

TERRESTRIAL ZOOLOGY AND ECOLOGY 
It is an unfortunate coincidence that field studies relating to aquatic 
zoology have generally received more attention than those relating to 
land and I wish to place special emphasis on the latter because the vast 
majority of our zoological centres are situated in places where unrivalled 
facilities mtist for carrying out projects in terrestrial ecology. The usual 
demand is made by zoologists for the starting of marine biological sta¬ 
tions and fresh-water biological stations. Both are no doubt of the highest 
importance, but in my opinion, of equal value are field stations for the 
proscMnition of stfidles on terrestrial proMems. Geographical and climatic 
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diversity has bestowed on us a wide variety of terrestrial habitats, each 
presenting biological problems of sj>ecial interest. We have as yet made 
very little progress in defveloping entomological field stations in the 
strict sense although we have a few excellent centres for entomologioal 
study. Such field stations should not be devoted to the experimentation 
of particular species, but to the development of a natural fauna where 
one may observe and follow the mutual inter-dependence of life. Other 
problems of terresatrial zoology which wc ought to develop are the ecology 
of forests where there is much to learn of the differences in the faunal 
associations and succession of areas subject to divergent macro- and 
micro-climates and the influence of the substratum. The bio-ecology of 
the tropical rain forests like the Western Ghats on the one hand and 
mountain ecology of high altitudes as in the Himalayas should receive 
attention at the hands ot our workers. A very necessary and new line of 
work on the zoology of arid areas reimainjS to be developed and it is to be 
hoped that the Rajasthan University will foster a school to devote to the 
special problems of that area. We are often, inclined to learn Zoology 
as a subject in itself forgetting the intimate bearing which our problems 
have in relation to geography and geology. We have no data on the 
zoology of our soils. Thanks to the work of numerous spqrtsmen and 
naturalists we have a fairly wide range of information on our birds and 
mammals. Their studies still predominate largely on museum taxonomy 
and natural histoiy; we have yet to make a beginning in the study of 
wild populations of birds and mammals throughout the country. 

If one visits a College or University, it is usual for us to hear the 
complaint that there are no facilities for research. This is in some mea¬ 
sure true because in most centres essentially required literature is lack¬ 
ing; opportunities of meeting and discussing results with workers of 
comparable interests are few and often the time available outside routine 
teachin.g is small. But if wo look more closely, it may be observed that 
in most centres, the existing natural facilities for making original obser¬ 
vations on Zoology have not been utilized, and it is not uncommon to find 
interesting local zoological problems completely ignored. I shall attempt 
in the following paragraphs to examine how we may overcome the inherent 
deficiencies which retard progress in our centres of instruction of 
Zoology. 


ZOOLOGY AT THE UNIVERSITY 

The status of our subject in the country will ultimately depend upon 
its status at the University. As indicated in the earlier section, we have 
made much progress in the development of zoological studies in the 
country as a whole and at certain University centres under the leadership 
of some of our distinguished zoologists. There is, however, no reason for 
complacency; in fact there are many recent developnents which have 
affected the quality of zoological work of the Universities. The fountain 
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head of learning is the University which trains people for work in all 
branches of zoological work. Anything which is damaging to the calibre 
of that training will mar our progress for a long time. There is first of 
all the need for assuring a steady stream of first rate men for imparting 
instruction in the subject and in the training of men for research. There 
is the equal need to bring out workers with sufficiently sound training to 
take on applied work in the country. Problems relating to our food re¬ 
sources like fish production, plant protection, food storage are intimately 
bound up with zoological problems. A vast applied field similarly lies in 
problems of medicine and public health. The efficiency of workers hand¬ 
ling these problems is something of real consequence to the future of our 
country in the manner in which we are able to solve our problems. The 
responsibilities on Universities are heavy and onerous and I feel sure that 
all of us here would like to see everything done to maintain the stand¬ 
ards of teaching and research at the Universities at the highest level. 

STANDARD OF ZOOLOGY AT THE UNIVERSITIES 

Retrospect 

In subjects where rapid developments have taken place, high stand¬ 
ards can be maintained only if the courses of studies and methods of 
teaching fully take into account the recent advances. The trend of 
changes which have taken place in our subject could profitably be indi¬ 
cated here. Earlier workers concerned themselves with the structure of 
animal life, the different kinds of organisms and the patterfns into which 
living organisms could be classified. Taxonomic zoology thus had an 
early beginning along with the development of the morphological con¬ 
cepts. Then came the emphasis on variations and its causes—studies 
which in the hands of Daiwin and Wallace developed into the concept of 
Natural Selection and the process of Evolution. It is universally agreed 
that the law of organic evolution is the greatest generalization ever made 
in the field of biology. As a result of the impact of the concept of evolu¬ 
tion, the whole field of zoological work was transformed into the search 
for. factual data in support of evolution. Comparative anatomy and em¬ 
bryology rose to prominence and dominated the scene until a now orien¬ 
tation was given to zoological work by the development of experimental 
techniques. The transformation which has taken place in our subject 
is the slow emergence of Zoology as an experimental science—by the 
shift in emphasis from form to function and from qualities to quantities. 
The change in outlook has permeated every branch of Zoology; even the 
old t3Tpe of morphology has given place to functional morphology; the 
oid type taaconomy has giveh place to the more refined “hew syste- 
matics^ giving mnphasls to quantitative assessment of characters and a 
closer appreciation of scope of variation of individual cha^raeters in ani¬ 
mals and ipiantSk Modem Genetics has developed into a new science 
tiheire advanoeh have been moat rapid, chalking out paths of progress on 
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independent lines. Similarly the new discipline of comparative physio¬ 
logy has emerged and has eclipsed comparative embryology. Assimilation 
of ideas developed in recent times in physical chemistry, biochemistry 
and biophysics has resulted in deep and fundamental changes in the 
nature of biological investigations. The Zoological Science of to-day is a 
very different discipline from what it was thirty years ago. 

defective class instruction 

Liet US examine how far these modern developments in Zoology have 
found expression in the courses of zoological instruction given at our 
Ck>lleges and Universities. With the exception of a very small number 
of centres, where the individual enthusiasm of a professor or a lecturer 
has resulted in modernized instruction in the fields of study handled by 
him, we have to admit that teaching of the subject in most places has 
not taken into account the advances made in recent times. We still find 
that the major portion of the lectures is devoted to purely descriptive 
accounts of the various phyla leaving practically no time to treat tbe^ 
general principles of Zoology. The trend of lectures given is often such 
as to get lost in a mass of details at the expense of fundamental ideas. 
The structure of organisms is often described with complete omission of 
any mention of their function. The type system of study is often carried 
to fantastic limits without any broadbased treatment of the evolutionary 
concepts Our practical classes in Zoology still place greater emphasis on 
technical skill in the dissection and display of various systems rather 
than in practical demonstrations to understand the functional morpho¬ 
logy and significance of the various organs. To make matters worse the 
examinations in theory and the method of conducting practical examina¬ 
tions have all come down to a question of feats' of meimory or dexterity 
of hands without enough regard to knowledge of real Zoology. No won¬ 
der then that examination results are often misleading and give no 
reliable idea of the capabilities of the student for zoological work; much 
less do they indicate the aptitude of students for original observations 
and study. Courageous zoologists here ajnd there are struggling to keep 
an even course but it is mostly found that University bodies which have 
to decide on syllabus and methods of teaching are mostly dominated by 
teachers who are unwilling to adapt and modernize the courses of 
studies. 


lANOUAGR PROBI^EM 

I have already referred to the language problem as a serious barrier 
to the diffusion of knowledge. We are asrain confronted with the same 
problem in a different context. English remained the medium of instme- 
tion in Science in schools and colleges for a long time. With tbei r^imal 
language taking its place in the school almost throughout the country and 
to varying extent in the different University classes, we are faced witti 
the problem eff finding an effective medium for imparting ncKdogkal 
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instruction. Hindi has already been adopted at a few University centres, 
a necessary step in. the right direction in principle; only actual experience 
will show whether the language has an adequate vocabulary for the com' 
plete change over from English. 1 am aware that opinion on these and 
related topics is divided and it is not my desire to tread thin controvert 
sial groimd. What we, zoologists, are deeply concerned is that so long 
as a medium is not effective for imparting instruction in our subject, the 
standard of teaching is bound to deteriorate. Even in Universities where 
the subject continues to be taught in English, there has been a fall in 
standards owing to the all-round deterioration in the proficiency of the 
English language, limiting the capacity of the pupils to learn a subject 
taught through that mediiun. These are problems which we have to face 
and discover the means for tiding over the difficulties of the transitional 
period without delay, because the damage is already evident. 

VATiUE OF FXACT SCIENCES 

We are faced also with other inadequacies in the intellectual equip¬ 
ment of our students which should be removed if we are to give a new 
orientation to zoological teaching. The training in physics, chemistry 
and mathematics which students of biology now have is woefully inade¬ 
quate and often makes it difficult for them to follow developments in com¬ 
parative physiology. Mathematical background is likewise poor proving 
a serious handicap in the application of finer methods of statistical analy¬ 
sis. Most biologists are poorly equipped to liandle applied zoological pro¬ 
blems owing to this defective training even though their training is 
sufficiently high to pursue descriptive studies. It would be a desirable 
development if it is made essential for students taking biological studies 
to have a substantial grounding in the exact sciences; this will have a 
healthy effect in developing the very necessary quantitative outlook to 
workers who have to deal with much that is descriptive and qualitative. I 
would in the same manner advocate some amount of biological training to 
those taking up the exact sciences bs their fields of study which would 
certainly help thp^m consider living organisms something more than a 
bundle of physico-chemical laws. 

HUMAIf FACTORS 

There are many directions in which improvements are desirable and 
even necessary in order that the standard of University work and teach¬ 
ing may be raised. The question of adequate equipment, provision of good 
librariM and reduction in hours of teaching duties so that teachers will 
have time for original investigations are all well known to need emphasis 
although the number of institutions^ paying sufficient attentiin to them is 
tegr^tably small. To this may be aiddeid the question of oOnditums of 
seorvice which at most institutions demand improvement. The importance 
of the human factors in furthering creative ^orts is generally ignored 
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by most persons in our country; apart from monetary considerations 
there are many other factors which would help a scientific worker to feel 
that he is in his proper milieu. Official routine and time consiuming; ad-> 
ministrative responsibilities tend to reduce the enthusiasm for creative 
work in many promising workers while agencies that foster free discus¬ 
sion of zoological work and stimulate the flow of ideas are few. 

EXCHANGES AND EXTKA-ITNIVERSITY CONTACTS 
Importance of Fundamental Research. 

The stimulus that intellectual work would receive by travel and con¬ 
tacts with new surroundings and workers not normally available, will be 
invaluable to the development of our subject and the tone of teaching our 
Colleges and Universities. Annual conferences like the Science Congress 
do help but they are not enough. We have not yet realised the value of 
exchange of Professorships, Lccturersfiips and even Tutorships between 
our centres of learning. In the teaching of Zoology and more especially 
with emphasis on field studies as D have tried to indicate, the experience 
which University teachers would gain by visiting other centres would 
suhctantially help them develop a wider outlook in their teaching and. 
more than that, it would help them extend their rrcearch studies. We 
have- to aim at something more than casual visits. All institutions would 
benefit by the stimulus of a teacher from a sister University coming and 
spending an academic year with them and taking full share in the aca¬ 
demic resjxmsibilities. Unfortunately the managements of institutions 
and Universities take too rigid a view of the conditions of work of their 
staff as to make such interchange of personnel extremely difficult. But I 
feel confident that if we as a body of scientists exert sufficiejnt pressure 
and make the advantages of such interchange obvious it should not be 
difficult to work out such exchanges in teaching and research staff. I 
would even suggest that these exchanges should be extended to spheres 
of work of' pure research departments. The applied scientist in the 
research department would stand to benefit by his association with 
workers dealing with fundamental problems at Universities and draw 
inspiration from such work which is not subordinated to finding solu¬ 
tions for practical problems. Similarly, the fundamental scientist at the 
University will by bis contact with applied workers be in a position to 
appreciate the significance of practical problems that arise in the appli- 
cation of scientific results. In our own science two fields in which active 
co-operation between University centres and applied institutions would 
be most desirable are in the fields of Fisheries and Elntomcfiogy. In theflie 
two subjects there is scope for work on purely fundalmental lines for the 
University Scientist and for the applied worker who is more concerned, 
with the perfection of methods to deal with the practical side fisheries 
problems based on his field data. The need for close eo>operatiop is 
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equally obvious in the field of entomology where the vast array of taxo¬ 
nomic and physiological studies without any regard to whether an insect 
is of economic importance or not could be developed at the University 
giving the starting point to the applied entomologist to develop hia' 
studies with reference to specific species. Applied workers are generally 
concerned with problems of very restricted scope and the emphasis 
mostly given is on the abnormal and not the normal pattern of relation¬ 
ship among living organisms, like for example, the depletion of 
of fish stocks, fish culture, or heavy infestation of of qnops by pests. 
Let us not ignore the basic fact that substantial advance in 
knowledge in any branch of science will be possible only with the deve¬ 
lopment of fundamental v/ork and the- development of basic ideas. 
There has developed a rece it tendency in many insititutions to draw dis¬ 
tinction between what is called pure and applied research. Let us not 
compromise on this issue. Sharp demarcation between what is funda¬ 
mental and what is applied is rot possible nor desirable and sound deve¬ 
lopment of applied sciences can rest securely only on the firm foundation 
of pure knowledge. 

PUBLICATION OF ZOOLOGICAL PAPERS 

Before concluding this address I should like to focuss attention on 
another serious diflRculty which active workers in Zoology are experienc¬ 
ing in this country. This relates to the inadequacy of facilities for the 
publication of results. With the increase in the number of workers and 
output of work the existing Journals are not in a position to deal with 
the amount of publishable material that is completed at the various cen¬ 
tres. Increasing cost of printing and production of Journals has already 
resulted in some of our Journals being forced to reduce the annual output 
of pages. The time lag between the completion or a paper and itd actual 
publication is often discouraging for most workers. I am aware that 
many pieces of good work completed at University centres remain un¬ 
published and this is' certainly an indirect waste of national effort. There 
is in addition a tendency among a section of research workers not to take 
the same interest in the publication of results as in obtaining Research 
Degrees. As is done in some Universities abroad, the time has probably 
come when it would be desirable to make it obligatory on the part of the 
recipients of Degrees to get their iiapers in publishable form acceptable 
to the University for independent publication or to any scientific journal. 
Such conditions can be insisted only after soiflicient provision has been 
made for expanding the scope of the Journals or by the opening up of new 
avenues of publication in the country which should also maintain the 
highest standards as regards the quality of the material published. The 
inadequacy at present felt can be met with only if increased financial sup- 
p<»i: is given to our Journals and the National Scientific Societies that 
run the Jottmals. 
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CONCLUSION 

In this brief address I have attempted to place before you some of 
the problems facing us. As zoologists we are anxious to see that we make 
progress in zoological work in the country on sound lines. These ques¬ 
tions have been discussed not because I have immediate solutions for 
submission, but because these difficulties are real and call for our collec¬ 
tive efforts. There is need for free and frank discussion on how best we 
may deal with them. I conclude with the hope that by such, discussion, 
exchange of thoughts and their eventual translation into practice, we may 
develop an active interest in Zoology among our people, improve the tone 
of teaching and research at our centres of learning and thus pave the 
way for the development of original ideas and work in colnformity with 
the natural facilities available in the country. 
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Archaeoloc'y In Post-Partition India 

The Presidential chair for the Archaeology and Anthropology Sec¬ 
tion of the Indian Science Congpress offered to me is indeed an honour 
and privilege which I greatly appreciate. It gives me an opportunity to 
bring to the notice of the learned audience here the concrete work that 
had been undertaken and executed by the Government of India, Depart¬ 
ment of Archaeology, and to indicate the nature of the responsibility 
that has rested on it in looking after the archaeological monvunents— 
historic and prehistoric. 

The political changes that came in the wake of partition in 1947 
have necessitated a re-organization of tho Department. The country was 
severed both along the eastern and western ends, the cut across the 
north-west running through regions of great importance so far as the 
chalcolithic cibilization of India is concerned. At the same time, this 
loss was more than compensated by the integration of States which have 
brought new responsibilities to the Archaeological Survey not only for 
the preservation of monuments of national imx>ortance but also for all 
other kinds of archaeological worlc in regions which now constitute Part 
B and C States. Five years after Independence and partition it is but 
proper that we should take stock of what we have achieved, what are 
our problems and what is oitr future programme. 

At the outset, it is worth remembering that the Department as 
custodian of the archaeological wealth of the country has necessarily 
been occupied with the important task of conserving the monuments 
above ground. This responsibility has been considerably increased by 
the addition of some 520 monuments of national importance which have 
come to us for the first time on the integration of Part B and C States 
into the Indian Union. ' An extensive survey of the condition of these 
monuments will have to be 'made before it is possible to plan a scheme 
of putting those, which are in urgent need of special repairs, into fa 
reasonably good state of preservation. Our task here is limited by two 
factors: (1> the speed with which these monuments can be survey^ and 
their needs studied in detail, and (2) by the amount of grants that may 
be available for the purpose. Another need of thesel monuments is their 
listing in a scientiflo manner,' and this will necessarily include a good deal 
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of photographic and drawing work before we can feel that we have done 
our duty to these monuments. So far* asi exploration is concerned, a sur¬ 
vey of these areas is equally necessary, but for obvious reasons this can¬ 
not have priority over the survey of monuments standing above groui^d, 
as this work can be postponed at least for* a while. For the excavation 
of sites of national importance the Department has never had more than 
a limited organization, and this has led to selective excavation at some of 
the more important sites. Within the last few years, however, the 
Department has been affording necessary facilities of training to scholars 
and university students in the scientific methods and technique of exca¬ 
vation work, and to a lesser extent to outsiders in conservation work 
also. For excavation the Department has never claimed any monopoly, 
but it has been its aim to keep up standards of work, which may{ be fol¬ 
lower by universities or other institutions interested in archaeology with 
the help of the personnel trained by the Department. Foreign archa'eo- 
logical expeditions have also been allowed to work in the country, as 
scope for such work i.s unlimited, and, with its present resources, the 
Archaeological Department could, at best, tackle only a few of the impor¬ 
tant sites. 

The main problem in Indian archaeology has been, and still is, the 
filling up of the wide gap that exists between the proto-historic Harappa 
culture on the one hand and the early historic cultures of the north. The 
exact relationship between the Northern Black Polished Ware (N.B.P.) 
and the Harappa ceramics has not yet been determined. Nevertheless, 
within the last few years it has been observed that there is a wide distri¬ 
bution of N.B.P., which is no longer confined to the Gangetic Valley, and 
therefore this name is hardly appropriate now. Moreover, the colour of 
the pottery implied by the term N.B.P., is not always black, as it ranges 
from black through lead-white to a golden tint. Till a more comprehen¬ 
sive and acceptable term is adopted for the nomenclature of this ware, 
the term N.B.P. would refer only to the fabric without necessarily imply¬ 
ing any particular colour or geographical definition. 

Some fieldwork has lately been undertaken on sites which had been 
observed to occupy chronologically intermediate positions between the 
sites of the Harappa culture and those where N.B.P. has been found. 
Consequent on the loss of important Harappa culture sites in West 
Pakistan, it became necessary to explore sites of that culture along the 
contiguous parts within the Indian Union. Accordingly, a beginning was 
made two years ago, in Bikaner and this exploration it is proposed to 
extend, as soon as may be, to Jaisalmer and Cutch. In 1928, I traced the 
Harappa culture at Kotla Nihang in the Ganges-Jumna doabj and in 1936 
a later phase of this culture at Rangpur, Limbdi, in the Saurashtra Union. 
These two outposts of the Hazappa culture show its marked eastward 
extension into the Indian Union, 
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The more recent archaeological explorations conducted in the valley 
of the dried up rivers Sarasvati and Drishadvati—hallowed names in 
hoary past—in Bikaner have put on the map nearly a hundred ancient 
sites. These could be grouped into (1) an early series of settlements 
representing the culture of the Harappa-Mohenjodaro city states; (2) a 
group with Harappan affinities but slight differences in pottery fabric 
and types, suggesting an eastern variety of Harappa culture; (3) a group 
with painted greyware and associated pottery distinct both from Harappa 
wares and those of the succeeding cultures. This group corresponds to 
the painted greyware of PEPSU, East Punjab and West U.P., which have, 
of late, assumed importance as the potential interlocking key to the Dark 
Period. The painted greyware, culture seems to have flourished in the 
first half of the first millennium B.C., (4) the last group comprises com¬ 
paratively larger sites representing a culture characterized by sturdy 
and varied pottery, painted with black (or rarely crimson) on red ground, 
which perhaps flourished in the early centuries of our era. More work in 
this area is a real necessity and is sure to be highly fruitful. 

The painted greyware itself had been excavated in an ideal setting 
and sequence at Hastinapur where the. two seasons dig in 1951 and 1952 
has unravelled five main periods of occupation. The lowest yielded a dull 
red ware with poor ochre wash, which seems to have its analogues in 
the pottery discovered at the Gangetic copper hoard sites at Bisauli, 
Rajpur, Parsu, Bahadrabad, etc., though this point requires further in¬ 
vestigation. It was succeeded by the painted greyware, etc., associated 
with copper arrow-heads and the occurrence of a great flood, repreisented 
at the site by an extensive erosion of the mound, seems to have ended 
this phase. The occupation was again started in about 600 B.C,, by the 
‘N.B.P.’ using people who also used kiln-burtit bricks and ring-well soak- 
age jars and had square punch-marked currency pieces of beaten silver or 
copper. This occupation seems to have suffered devastation by a great fire. 
But the site was again inhabited during the Sunga a;nd Kushan periods, 
indicated by countless terracotta objects of the former and a few coins and 
Bodhisattva image of the latter. The last period of habitation came after a 
great lapse of time diming the 11th century and continued for some hun¬ 
dred years. This culture was characterised by pre-Mughal glazed pottery 
with a coin of Balban (1266-87 A.D.) dating the phase. The pwiinted 
greyware has been observed to occur at Ahichhatra, Barnava, Baghpat, 
Tilpat, Panipat, Mathura, etc. 

Interesting facets of a late prehistoric culture, involving the occur¬ 
rence side by side of red-on-black painted ware and microliths have been 
brought to light in a number of places in Western India, where N.B.P. 
also had been observed to occur. This indeled is a most welcome link in 
the chain of cultures that bind the cis and trans-Vindhyan country. The 
sites at Nasik, Bahai (East Khandesh), Jorve (Alimqdnagar District) 
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have revealed a new culture which is characterized by painted ware in 
association with microliths and occasionally with um burials. Such sites 
have also been observed further south at Sinnar and Bhojapur and indi¬ 
cate possible settlement of this culture along the Pravara, Bbim arid 
Godavari rivers. This aspect of work might well engage our attention. 

A new pottery type called by its explorers as the 'red polished ware' 
of superior fabric and slip has been reported from nearly 30 sites in 
Gujarat and Saurashtra. These include Somnath, Junagadh, Amreli, 
Venivadar, Valabhi and Baroda. Tts apparent Roman influence and con¬ 
tacts and distinctive chronological horizon in the fi.rst three centuries of 
the Christian era in the so far excavated sites of Baroda, Vasant, Amreli 
indicate its value as a datum for pre-Chalukyan Western Indian archaeo¬ 
logy. Outside Gujarat, such pottery is found in the Satavahana levels in 
the Deccan and Kushan levels in the North. 

Many important copper finds, viz., chisels, celts, swords, etc., had 
been reported in the past from the Gangetic basin and even spread up to 
Central India—such as the copper hoard sites of Rajpur, Bisauli, Sir- 
thauli and Gungeria (Central India). These had attracted great atten¬ 
tion in the context of their likely bearing upon the Copper Age in the 
Gangetic basin. The latest discovery of this kind was the occurrence of 
similar copper celts, etc., from a spot on the Ganga canal near Bahadra- 
bad (Saharanpur District, U.P.). The finds have been recovered consi¬ 
derably below the old Ganga bed and their further importance lies in 
teir seeming association with a ceramic industry of distinctive fabric. It 
is too early yet to speak any further ui)on this Bahadrabad site and 
finds. Further investigation concerning this important cultural epoch of 
the post-chalcolithic period in North India is underway. 

Quite recently, and just by chance, welcome light has been thrown 
on the actual performance of the asvamedha yajnas by the kings of old. 
The precious relics of these are from Kalsi, already well-known for its 
Asokan rock Bdicts, and comprise partially damaged bricks belonging to 
the sacrificial altar of the fourth asvamedha yajna as attested imequivo¬ 
cally by the clearly incised inscriptions on them. The sacrificial altar is 
called "chaitya” here, and it was the fourth asvamedha sacrifice per¬ 
formed by a king named SHavarman, Though nothing is known of this 
king from other records, we may infer, from the palaeography of the 
inscriptions, that he lived somewhere about 200 A.D. The inscription on 
the best preserved of these bricks (measuring 26''X12"X6") inscribed 
on two sides clearly states that “this is the sacrificial altar of the fourth 

Aivamedha (sacrifice) of the devoted king Silavarman of.60 

years (reign) by the ^^ganda’* reckoning (i.e. in units of four)". 

We shall now turn to certain aspects of preceding millennia which 
demand our attention. The science of prehistory in India, despite the 
classic work of Drs. dSTerra and Patterson and other savants is still in an 
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iinsystematised condition. Thi3 branch of study, while deserving our 
earnest attention, had suffered owing to the lack of a co-ordinated and 
planned scheme of work covering its various stages. The couiitless 
palaeolithic and microlithic sites which have been discovered in various 
parts of South and Central India have lacked basic chronological sequen¬ 
ces into which these could be fitted, A systematic study of the terrace 
gravels in some of these regions, as done to some extent by Mr. Burkitt 
for Kurnool, is necessary. It presupposes an intensive survey and study 
of the hitherto untouched regions along the river systems south of the 
Vindhyas. The proper correlation of the ‘Sohan’ and ‘Madras’ palaeo¬ 
lithic industries would involve the opening up of the Central Indian 
region from the middle Narbada basin to the Son river basin in U.P. and 
Bihar and Bastar in the south-east. Again, recent developments in the 
study of the microlithic element in Indian Stone Age would suggest that 
the Tinnevelley Teris, the lateritic conglomerate in the Madura and 
Sivaganga areas in the South, the Kurnool and Godavari districts and the 
Central Indian and Bastar regions are of potential importance. As 
regards the exploration of cave deposits for the unravelling of the Upper 
Palaeolithic Culture sequences in India, the ground is still practically 
untrodden and to all these aspects the l^epartment has, in recent years, 
given its serious attention and intends doing planned work in the years 
ahead. A beginning is being made in this direction in the Bastar area. 

It would ajipear that right down to the Asokan times, large parts of 
Penninsular India were inhabited by ^lopulations comparable to the more 
primitive, present-day aboriginal tribes given to shifting cultivaton, who 
were using the neolithic celt with pointed butt and oval cross-section and 
living in more or less permanent houses as evidenced by the neolithic 
strata of the Brahmagiri excavations. It is, however, difficult to trace 
the ancient neolithic sites and, in this, it seems that the probability of a 
present-day settlement in close proximity, to ancient sites could hardly 
be expected as a matter of course. However, carefully conducted small 
scale excavations in selected primitive tribal settlements—particularly of 
the Bondos and Gadabas of Orissa, Mundas of Bihar, Khasis of Assam and 
Kotas of Nilgiris—^may at least give us comparative data which may be 
valuable to make progress in this problem possible. This is a task in' 
which we should like to be associated with anthropologists. As regards 
the study of the distribution of the oval sectioned, pointed-butted celts 
and their relation to the early agricultural communities in India, a racial 
or linguistic linking has to be attempted. For instance. Professor Heine- 
Geldem held the view that the Proto-Dravidian languages have to be as- * 
signed to these early neolithic cultivators. But the people of the intrusive 
Iron Age Culture in the 3rd century B.C., as demonstrated at Brahmagiri 
and Sanganakal (Bellary), could not but have also spoken the same 
language. One would be inclined to suppose that the builders of mega- - 
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liths were the speakers of the Prbto-Dravidian. languages as they seem, 
from many points of view, to be the immediate predecessors of the histo¬ 
ric Dravidian civilization. Besides, the megalithic funerary monuments 
of South India, probably of western origin are of an. altogether different, 
culture from the memorial megaliths of Assam and. N.E. India which seem 
to have been relics of an Eastern Austro-Asiatic culture migration. An 
overlap of thees two would be possible in the Baster and Godavari area. 
Thus, from more than one aspect this region seems to hold the key for 
the evidence concerning ancient agricultural communities of India. Side 
by side with this extensive fieldwork, stu<iy of the occurrence of neolithic 
celts in the Salem and South Arcot districts of Madras State would also 
definitely enrich our knowledge of Indian neoliths further and help in the 
correlation of the neolithic and megalithic cultures in this part of the 
Penninsula. 

The Megalithic Culture of South India has long been the fertile 
ground upon which sporadic researches and fieldwork had been conducted 
by scholars and amateurs alike during more than half a century. But 
until 1947 its proper chronology had been very elusive when in the 
Departmental excavations at Brahmagiri, Mysore, it was traced in an 
interlocked sequence with a lower neolithic culture and a higher Andhra- 
Satavahana Culture. These Iron Age funerary monuments, however, 
appear to have been a sudden intrusion in this area. The structural 
nature of these monuments differs from region to region with local geolo¬ 
gical environments; consequently the funerary containers and contents 
have also varied. While in the extreme South pure urn-burials in exten¬ 
sive urn fields—as at Adichanallur and other places—have been met with, 
dolmenoid cists or regular port-holed slab cists occur as we come north. 
Besides, the funerary container itself is prevalent in the form of a terra¬ 
cotta sarcophagus or urn, and is found in the dolmen or the port-holed 
slab cist. There are sites, as at Brahmagiri, where the funerary furni¬ 
ture has been placed directly inside the slab cists which are without any 
containers. The nature of the burial also varies: it is sometimes a fully 
articulated or flexed burial and sometimes a .secondary, post-excarnation, 
fractional burial. In all cases, however, a large number of iron objects 
form a characteristic feature of these monuments, with some gold, ter¬ 
racotta and shall objects, besides a highly specialised ‘black-and-red’ type 
of pottery of countless shapes. These facts are known from the recent 
excavations conducted by the Southern Circle at Sanur (Chingleput dis¬ 
trict) in a megalithic site. A detailed report of these excavations is under 
preparation. 

In the South, clear habitational mounds not being easily traceable 
due largely to the spread of extensive cultivation that has gone on for 
years, there is usually a plethora of megaliths which are not related, at 
pz^sent, to contemporary habitations. N^everthedess, there are a few 
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sites among which Senga Medu, near Vriddhachalam (South Arcot district 
of Madras State) is one which seems! to offer good possibilities for a link¬ 
ing up of the Megalithic Culture with its preceding and succeeding epochs 
in this part of the country. This problem is being taken in hand by the 
Department. 

Considerable spade work has been done in the various Circles com¬ 
prising the Department in the discovery of historic cultures. For ins¬ 
tance, the excavations at Garh mound in Vaisali had exposed an original 
mud rampart, associated with N.B.P. and Sunga terracottas (about 200 
B.C,). The latest phase of the site was of the post-Gupta times (7th 
century A.D.) with brick built houses. Various antiquities like beads, 
terracotta figurines, sealings, as also N.B*P. and a variety of red ware 
pottery in another mound nearby would open up correlation between this 
area and Hastinapur, Kausambi, Rajgir, etc. At Kumrahai*, the site of 
the ancient Mauryan Capital, excavation by the K. P. Jayaswal Research 
Institute clarified a few problems regarding the Mauryan pillared hall that 
had been encountered by Dr. D. B. Spooner in his excavation at the same 
site in 1912 and the following years. A Buddhist vihaiix —called Arogya 
vihara from the inscribed sealing and pot—of the Gupta times has also 
been brought to light. Other interesting features include a series of 
drains and massive defence walls in the earliest phase pertaining to 
200 BXJ. 

The Allahabad University excavation at Kausambi, for which assis¬ 
tance was given by the Survey, has supplied us with a number of cultures 
ranging from the 2nd century B.C. to the 5th century A.D. and here one 
of the important discoveries was the identification of the Ghositara^na 
found inscribed on sculptures and seals. 

In connection with the South, a passing reference may also be made 
to the recent contributions to the mediaeval period by the Department. 
At Hampi, capital of the once flourishing Vijayanagara Empire, a small 
scale excavation in 1950-1 was necessitated by the expansion of the 
Tungabhadra Project. For the first time this gave us a corpus of Vijaya¬ 
nagara pottery and brought up numerous antiquities including gold 
coins, small images and beads. The report of this work is also under 
preparation. 

As stated earlier, the primary task of the Department is conserva¬ 
tion. By far the largest part of the annual budget-grant is spent on the 
maintenance and upkeep of monuments of various types such as rock-cut 
temples, shrines, stupas, mosques, tombs, palaces, forts, etc. Their 
variety raises equally varied problems. 

To mention only a few, where, of late, outstanding major conserva¬ 
tion works have been executed, I would refer only to the special repairs 
at the Taj and Fatehpur Sikri at Agra, the Gol Gumbad at Bijapur and 
the rock-cut temples at Kanheri and Elephanta, off the coast of Bombay] 
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The international reputation of the Taj warranted, the constitution of 
an Expert Committee to report on thorough measures of conservation for 
Shah Jahan’s ‘dream in marble’. The recommendations of the Committee 
are being implemented stage by stage. The work so far completed com¬ 
prises water tightening the drum and dome of the main mausoleum, re¬ 
placing almost all the pillars and broken lintels of the four octagonal 
pavilions round the main dome without dismantling or interfering with 
their entablature which was in a sound condition, reterracing and restor¬ 
ing the exquisite inlay work at the necking of the dome, the chhattris, 
upper parts of the parapet and the marble platform in the centre of 
which rests the mausoleum. 

At Fatehpur Sikri, the deserted capital of Akbar, the Buland Dar- 
waza and the lofty walls on the south and east of the Dargah complex, 
the tomb of Sheikh Salim Chisti, the underground drainage and the entire 
basement were thoroughly repaired. The southern half of the entire 
terrace in several storeys was dug out and re-laid involving the use of 
600 tons each of rubble and concrete. 

The Gol Gumbad at Bijapur was also one of the major items of con¬ 
servation. The dome had developed a number of cracks. Thick patches 
of plaster had fallen from the soffit of the dome and the accoustic pro¬ 
perties of the monument were affected.. After grouting the cracks, the 
monument was secured on the outside by meanjs of a gunlte shell and 
steps have recently been taken to treat the dome from inside with a 
doubly-reinforced gunite shell resting on a tapering ring-beam of rein¬ 
forced cement concrete. 

The rock-cut temples on the island of Elephants and Kanheri near 
Bombay presented another type of conservation problem, namely, the decay 
or disintegration of the rock due to the continuous supply of injurious salts 
by sea breezes. Following the report of an Expert Committee extensive 
measurs for the conservation at Elephanta and some of its unique 
sculptures have been taken; cracks have been grouted and the entire rock 
surface covered with a coat of gunite. The remedy, however, will have 
to be rei)eated from time to time. 

Similarly, the mighty problem of preserving the famous sea-shore 
temples at Konarak and Mahabalipuram still remains to be tackled. At 
-the former, the work being of a highly specialised and technical nature,' 
the Government of India have appointed an Expert Committee to grapple 
with the problems and on this the collaboration of other scientific Depart¬ 
ments is also sought. 

There is yet another aspect of our great national heritage. The care 
and proper maintenance of our outstanding monuments can bring in a 
lot of indirect revenue to our country by fostering tourist' trafiic, and it 
can also inspire in them respect for our past achievements onj which we, 
as a nation, may build our future. 
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The important bearing of Chemistry and Physica upon scientific 
archaeology, not to mention geography, botany and biology, has brought 
in new aspects of investigations and the Chemical Branch of the Archaeo¬ 
logical Survey, besides its active pursuit of the conservation of rock-cut 
monuments, stone sculptures, stuccos, wall paintings, etc., has recently 
been devoting attention to the need for the application of modem methods 
like Geochronology, etc. It has, since long, been conducting research on 
stone preservatives. One of the important causes of decay of lithic 
monuments is the presence therein of soluble salts due to ono or another 
reason. True, while no chemical preservative can offer permanent protec¬ 
tion to the decaying, cracking or exfoliating rocks, which have lost their 
cementing material due to leaching, chemical alteration within the body 
material brought about by climatic or other causes, repeated applications, 
at varying inteiwals, of suitable preservatives will nevertheless much 
retard, if not prevent, for a long time the decay of any works of art 
which it may be considered necessary to preserve. Cost, however, is 
necessarily an important factor when the application of a preservative 
becomes imperative on gigantic seaside monuments like the Konarak 
temple, Mahabalipuram monoliths. Elephants caves or other large-scale 
monuments. Synthetic resins like Vinyl Acetate, methyl-metha-crylate, 
silicones, etc., are bemg experimented upon to examine their suitability 
and limitations, and if emulsions of synthetic resins could be made the 
cost of their application will be materially reduced. Moreover, with each 
successive application the quantity required will progressively decrease. 

Systematic chemical treatment of wall paintings at Tanjore, Sittana- 
vassal, Tirumalaipuram, Bijapur, etc., and Mughal monuments is being 
carried on by the Chemical Branch on the lines adopted in the West with 
suitable modifications due to local climatic conditions in India and there is 
urgent need for a proper study of the frescoes in the Ajanta, Ellora, 
Pitalkhora and Bagh caves with a view to the preservation of these 
masterpieces, besides the paintings at Lepakshi and palaces at Padmana- 
bhapuram, Mattanchari, Chamba and elsewhere. Other aspects of re-' 
search, which require investigation by the Chemical Branch is a complete 
study of the storeyed past of Indian ceramics and glazes, their technique 
fabric and the conditions of their manufacture. Similar investigation 
into the realm of ancient Indian metallui^ is also called foxv 

ThA laboratory of the Chemical Branch to being re-organized for 
making a beginning with the application of Geochronological methods to 
Prehistoric sites as part of the progpramme of the development of Envi¬ 
ronmental archaeology in India, whieh to sure to help Prehistoric fieW- 
work substantially. Unfortunately, lack of laboratory facilities in Jndia 
dees not allow ns to test the applicability to Indian conditions of certain 
plqfsieal methods that are being evolved in the W^t, e. jf., archaeologicsd ’ 
<i«<i4ng.by_irad|o-actl¥e carbon, the progressive aocnmulatton of fluorine in'", 
archseploglcal. misclmens» stn» ' ' < < . 
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The nascent National Museum of Art and Archaeology has added to 
the volume of the Chemical treatment of silk, paper paintings, manus¬ 
cripts, textiles, wooden and metallic objects and their cleaning, steriliza¬ 
tion, exhibition and storage involve a careful study of the organic con¬ 
tents of the exhibits. Scientific recording of the humidity and tempera¬ 
ture conditions helps in the knowledge of the conditions suitable for their 
storage. Besides these, in order to detect the repairs, fakes, oblitera¬ 
tions, etc., in paintings and manuscripts, introduction of infra red, ultra 
violet and X-ray examination open up an altogether new branch of study 
in India. Such and other methods which will enable us to preserve valu¬ 
able relics will continue to be the concerh of the Department. 

The importance of Epigraphy in the reconstruction of history can 
haxdly be over-emphasized. India particularly is extremely rich in these 
records, whether on rock, pillars, monuments, copper-plates, statuary, 
pottery or terracotta. Estampages have been prepared of a large majo¬ 
rity of such records, and it would bef appreciated that if aj greater speed 
in their publication has not been possible, that is mainly due to financial 
limitations. Nevertheless, by adopting a judicious system of priority the 
more important and spectacular epigraphs have been published every now 
and then in the Epigraphia Indica and other journals. In recent years, 
some interesting copper-plates have been discovered of which the following 
deservte mention:— 

(1) Four new Bhoja plates from Bandora, Groa (2 sdts) of Prithvi 
Vallabha Varman of Bhoja family which shed light on a hitherto un¬ 
known dynasty ruling around Goa during the 4th-7th centuries A.D. (2) 
Andhavaram plates of Anantasaktlvarman of Kalinga Mathara Kula 
CSth century A.D.)—^the second known charter of this king, the first 
being his Saktmaka grant. 

(3) Fifty-five Karandai Tamil Sangam plates from Tanjore weigh¬ 
ing over 216 lbs., recordinjg a charter of Rajendra I Chola, in his 8th reg¬ 
nal year, with a Sanskrit preamble in verse which gives some hitherto 
unknown facts in Chola history, such as Parantaka I encountering a 
Pallava king, and the Kamboja king sending his ratha as a friendly pre¬ 
sent to Rajendra Chola to avoid war with the latter. 

The stone records includd the Baghora prakrit Inscription from 
Jubbulpore district (2nd-3rd centuries A.D.> belonging to Vasithiputra 
Sivaghosa, Bhadrak Prakrit record of Maharaja Slrigan giving a hitherto 
unknown king's name and his sway over Utkala rashtroL ■ 

The Annual Reports of South Indian Epigraphy have been comi^leCM 
up to 1945 and are under print, while Annwl Reports of Indian Epigraphy '' 
have been brought up to 1948 and are also under print. More '' 

of the fourth volume of Corpus Inscriptionum Indicarum by Prof: V. V. 
Bfirashi, dealing with Chedi-Kalachuri inseripti<ms H es been prtfited etf." 
The manuscript of the revised third volume of'Gupta iaserlptlmm, Whteh 
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hcd beeb entrusted to Dr. D. R. Bhandarkar waa made over to us by him 
shortly before his death, which, we all regre^, and is now being revised 
and made preas-refctdy by our Epigraphical Branch. 

The constitution of Part B and C States has compelled new territorial 
and administrative arrangements in the Archaeologrical Survey. While 
its existing! seven Circles were spread out over an area, of about 7.3 lakhs 
square miles, the integration of princely States has added to this an area 
of 3.9 lakhs square miles. As it is our primary duty* to protect and pre¬ 
serve monuments and sites of national importannc in these States, many 
of which either^ had no Archaeological Departments of their own or had 
them mainly in an advisory capacity, it is the statutory obligation of the 
Central Archaeological Survey that it should re-organise the Department 
so as to embrace the entire Indian Union: In pursuance of this, most of 
the existing Circles are expected to be realigned and their territorial 
limits readjusted as far as possible, on considerations of cultural homo* 
geniety, administrative facility €ind economy. The proposed set-trp would 
imply a somewhat larger organization than at present and is calculated 
to bring about a clearer visualisation of the local archaeological problems 
and a better planning for tackling the same. Needless to say, that all 
this arrangement to be oi>erative would take some time and mean further 
financial commitment to the Government of India. But that these are 
imperative, nobody can deny. 

Having briefly given a bird's view of the archaeological potentialities 
and problems of post-partition India, I would, like to put forth a special 
plea on this oppoiHiune occasion, for an increasing collaboration by other 
scientific departments of the Government. No three branches of scientific 
study are more closely allied than the Archaeological, Anthropological 
and Geological Departments, and in varying degrees and for different 
chronological epoch these three sciences could, with advantage,’ co-operate 
In the successful exposition of the more ancient civilizations of India, 
their authors and their material culture. It is only in the proper utiliza¬ 
tion of the rapid advances made in modem scSences—natiualr physical 
and chemical—^in the proper appreciation of the limi¬ 
tations of mere accumulation of the handiworks of 
the past, in the Introduction of methods like palaeo- 
magnetlsm, geophysical prospecting of archaeological settlements, statis¬ 
tical analyses of pottery and artefacts, in the study of the climatic and 
geographical factors in ancient cultures—^that Archaeology can hope to 
become more accurate in its speculative excursions, and sometimes arbi¬ 
trary conclusions. With the grreat strides that archaeologlced techniques 
have made in excavation, exploration and the study of ancient relics, in 
other countries and in India, and with greater help from the more accu¬ 
rate sister sciences^ 1 have noi doubt that Archaeology would fulfil its real 
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function as the prime interpreter of the en<llesa succession of unique 
achievements of the human brain and arrange in proper sequence and 
order, the tumbled episodes of human history and prehistory and present 
a conspectus of the common intellectual inheritance to the living man. . 
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President-—T>r. S. DATTA, D.Sc., M.R.C.V.S., D.T.V.M., P.R.S.E., P.N.I. 

CONTROI. OF EPIZOOTICS IN INDIA. 

*'The weaker the cattle, the scantier the production, the feebler the nation**. 

I have great pleasure in welcoming you to the deliberations of this 
Section of Medical and Veterinary Sciences. I must thank the Sectional 
and the Executive Committees for electing me to presidel over the present 
Session. I consider it not only a singular honour, but a great privilege 
and opportunity as well, since it is not often that a scientist in the veteri¬ 
nary field is called upon to do so in this joint Section. This election is 
obviously a token of the intimate kinship and essential unity of medical 
and veterinary sciences which make our closer collaboration indispensable, 
and in the context of our present day problems all the more imx>erative. I 
take this opportunity thesefore to make a brief reference to the origin of 
the healing sciences and to emphasise how the development of one has 
invariably helped in the development of the other. 

THE EVOL,t7TION OF THE CONCEPTION OF DISEASE 
Diseases and evolution of measures to fight them have been an ever- 
engrossing problem since the earliest times. Humanity has been cons¬ 
tantly panic-stricken and distressed by the sufferings and destruction of 
life through epidehnics and epizootics. The anJcients found themselves 
helpless and considered these outbreaks as evidence of divine wrath or 
caused by the *evil eye’. They could take no active measures to combat 
them, and had to be content with, offering tributes to various deities: 
However, through trial and error and by casnal observation on animals 
in bad health, thjp andient medicine man stumbled on many an antidote 
or nostrum. The monkey trying to stop with its paws the flow of blood 
from a wound taught him about blood coagulation; bears eating oakum 
leaves to cure stomach ache, stags using leaves for curing wounds,— 
such natural observations helped the early experimentalist find out the 
medicinal properties of herbs and plants,' and to apply them to human 
beings and domestic livestock. The idea that life is a continuous process, 
and flesh, of man or beast alike, is subject to certain common laws, and 
suffers similar tribulations finds expression in the following lines written 
by Solomon, the wise, some 100 years before the birth of Christ : "For 
that which befalleth the sons of man befalleth beasts,’ even one thing be- 
falleth them, as the one dieth, so dieth the other; ye(a, they have all 
one breath. 

THE UNITY OF XQCAXJMO SOIENOB 
It is well to recall that the medicine of man and nnimAl was bom, 
almost eontemporaaeously, of the cxxmxxum p?iP^ta §0 cr^ullty and 
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empiricism. Th« survey of the development and progress of healing 
science from early beginnings of trials and errors, through different 
stages up to date, reveals that the pioneers in all ages had apprbached 
the problem of diseases of the human race or of animal speicies more or 
less as single composite study. In the Vedio ages, animal medicine* 
marched hand in hand with human medicine and both were included 
under Ayurveda, the science of life. In later periods also, all pioneer 
work, for instance by Leeuwenhoek on microscopy, identification of pro¬ 
tozoa and bacteria, etc., or by Pasteur or Koch on bacteriology and 
immunology or Koch's jpostulates or Lister’s work on antisepsis and 
advances in other epochs, have been applicable equally to man and animals, 
thus bringing out constantly the essential unity of the healiig science. 
It is fortunate that in the understanding of the factors determining health, 
the disease processes in man and animals have often thrown cross lights, 
and suggested analogies and have been mutually elucidatory. The under¬ 
standing of a pathological icondition in one species has been made possible 
only through the study of a similar condition in another species of animal. 
Whether the medical or the veterinary side has benefitted to a greater 
extent in this alliance of long standing is immaterial. Suffice it to note 
and remember that research and experimentations upon animals have 
provided the very basis of modem human medicine in therapeutics, immu¬ 
nology, dietetics, etc., and the contribution to human welfare by animals 
and animal studies has been of far-reaching consequences and very strik¬ 
ing indeed. Sera and vaccines have been made from animals, and animal 
gland products such, as pepsin, insulin, pituitarin, sex hormones, etc , arc 
of constant use and of great value in human therapeutics. The study and 
understanding of animal diseases has also been of grelat public health 
importance as examples of communicable diseases, like glanders, rabies, 
brucellosis, tuberculosis, etc., are many. Veterinary researches have 
been essential in the elaboration of efficient public health measures. 

This close association of human and veteriiary medicine is represented 
in a practical way in Great Britain in Medical Research Councils, in the 
Royal Society of Medicine, as well as in the British Medical Associa¬ 
tion,’ where veterinarians take active part in developing the subject of 
comparative medicine. In Universities like Cambridge, Liverpool, classes 
for medical and veterinary students are held jointly up to certain stages, 
while in the London University, the Professor of Physiology is the Head 
of the Department of Physiology in the Royal Veterinary College also. In 
the London School of Tropical Medicine and in Manchester University 
the diploma in bacteriology is being awarded to both medical and veteri¬ 
nary research workers. In the Pasteur Institute of Paris medical and 
veterinary researches are conducted side by side. 

Turning to our country, not only were the first two Directors,' Dr. A. 
Liingard and Sir Leonard Rogers, of the Imperial Bacteriological Labora¬ 
tory, as the Indian Veterinary Research Rietitute at Mukteswar-Kttmaun 
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and Izatnag^ar was called at first, medical spielt^tists, but several other 
medical men have made outstanding contributions to Veterinary Research 
without going out of their way. It may be interesting to recall here that 
in 1899 a Committee consisiting of Heads of Medical and Veterinary Ser¬ 
vices was appointed by the Home Department of the Governmen,t of India, 
and this Committee recommended the establishment of a Central Medical 
Research Laboratory also at Mukteswar, in conjunction with the Veteri¬ 
nary Bacteriological Laboratory already established there some six years 
ago. While the essential kinship bejt^veen the two sciences had thus been 
recognised in India even from the earliest times, it is surprising the two 
branches have not functioned closer together to mutual advantage, as in 
other countries. The Indian Science Congress and the National Institute 
of Science have no doubt arranged to bring the two sister sciences toge¬ 
ther, but even hero the objective has not been actively pursued with any 
degree of continuity. There are clear signs, however, that the special¬ 
ised agencies of the United Nations have taken the initiative to develop 
the collaborative efforts on these common problems. For instafnee, 
recently a W.H.O./F.A.O. joint panel has recommended the opening in 
Mukteswar of a brucellosis centre to develop research and training and 
in the co-ordination of field and laboratory procedures used in brucellosis. 
Similarly, a scheme for the control of rabies in animals and human beings 
is being sponsored at Izatnagar. These new projects are now being 
considered by the Government of India. Such collaborative efforts to 
benefit the researches in human and veterinary medicine must multiply 
and the Indian Council of Medical Research will no doubt make this possi¬ 
ble. While the immediate concern of medical science is the prevention 
and cure of disease in, man and the building up of public health, the objec¬ 
tive of veterinary science is also the safeguarding of the health of the 
community by the elimination of animal diseases and by the provision of 
dairy products and other foodstuffs of animal origin essential for the 
health and stamina of the people. Campaigns of disease prevention such 
as against malaria, tuberculosis, etc., are necessary but sufficient quanti¬ 
ties of highly nutritive foods, e.g., milk and eggs, must! be provided to 
improve the health, development and resistance to disease of the popula¬ 
tion before the full benefits of these preventive campaigns can be 
derived. Improvement of livestock is thus of fundamental importance to 
medical science as well. 

ANIMAL. HUSBANDRY-—keystone: OF INDIAN ECONOMY 
Animal husbandry has been a much, neglected art and science in 
India and is generally subordinated to the needs of agriculture rather 
than be allowed scope for development on its own right according to its 
intrinsic qualities. There has therefore been no occasion for the livestock 
industry to prove its highest potentialities on stabilising India’s economy, 
and of making all the difference to the life and happiness of its millions 
of i^trugglix^f cultivators. Sir A. V. Hill has rightly pointed out that the 
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neglect of the livestock forms the weakest link in ovir agricfultural economy 
and grow more food campaigns. The fundamental role played by live¬ 
stock, and particularly cattle, in jthe life and prosperity of our people is 
not appreciated. Until the full statistical da^ta have been collected and 
marshalled, it will not be possible to enlist eifect^ive public interest, and 
to gain the right emphasis on livestock development in our plans of 
national rehabilitation. 

India possesses over 150 million heads of cattle, more thH-n one- 
fourth the world’s total cattle popula,tion. In addition, she has 43 million 
buffaloes, ly^ million horses and ponies, 87 million sheep and goats, 4 
million pigs and 73.7 million poultry of all kinds, 1 million donkeys and 
over Y 2 million camels. By providing transport for agricultural produce, 
it is estimated that cattle contribute annually approximately 300 crores 
of rupees. This sum is obtained by calculating the cost of cartage at the 
rate of one anna per rupee worth of agricultural products. The equiva¬ 
lent of cattle labour used for ploughing operations works out to be 
Rs. 1,000 crores. This is based on the fact that a pair of bullocks can 
plough 10 acres of land and the yearly cost of their maintenance is 
Rs. 450/-.' The cost of ploughing 1 acre is thus Rs. 45/-, so that the cost 
for 230 million acres of net area sown in the Indian Union is over 
Rs. 1,000 crores. If we add to this Rs. 200 crores as thd economic value 
of horse and camel transport, the ,total contribution from animal labour 
becomes* Rs. 1500 crores. India produces over 480 million maunds of 
milk per year, of which only 06% is consumed as fluid milk and the rest 
is converted into ghee or othepr milk products due to transport aind storage 
difficulties. The price of this amount of milk and milk bye-products may 
be conservatively estimated at Rs. 750 crores. The amomit of meat con¬ 
sumed in India is about 216 lakh maunds ahd its value majy be put down 
at 130 crores of rupees. The number of eggs produced is about 200 crores, 
so that they also bring about Rs. 40 crores annually. Elach year 583 lakhs 
of hides and skins are produced in our country who.se value is over Rs. 40 
crores. The annual production of wool is worth about Rs. 3 crores. Our 
cattle produce about 1,000 million tons of dung per annum, nearlf 67% 
of which is burnt as fuel whereas the rest is generally used as manure. 
Assuming a value of even Rs. 10/- per ton, the total economic value from 
this source ia Rs. 1,000 crores. All these figures when added up, put the 
annual direct contribution from our livestock to be about Rs. 3,500 
crores. This figure may be noted and compared to the income from cer¬ 
tain industrial and agricultural commodities which loom so large in the 
popular mind. The iron and steel industry had a net annual eaxfning of 
Rs. 58 crores in 1949-50, while for the same period cotton textiles and 
yarn were valued at Rs. 150 crores, jute at Rs. 78.2 crores and sugar at 
Rs. 54.5 crores. The annual coal production, is of the order of 3 million 
tons, valued at Rs. 500 crores. It is not my aim to slight the vital role 
played by these commodities in the economic life of a nation these 
must receive their fullest share of support to effect the much needed rapid 
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industrialisation, of the country. Wba,t is emphasised here is that live¬ 
stock and their products form the most valuable and basic national 
wealth of our country in particular and this represents a fairly large 
portion of the world’s total resources of animals and animal products, 
the development of which is vital to the interest of human welfare. 

The figure of Rs. 3,500 crores gfiven above indicates only the direct 
annual return from our livestock population, but the indi;rect profits, 
mu,ch of which is at present potential should not be lost sight of. From 
time immemorial, man and cow in India have become by long association 
inseparable entities. Cattle till our land, thrash our grain, invigorate 
our fields by supplying manure and carry the agricultural products from 
tihe field to our homes and bazars. Cattle have to subsist only on the bye- 
products of human food, namely, straws, bran and oil cakes, and in return 
for this the cow yields milk which is so vital for human beings, especially 
for growing children. Other livestock provide meat and eggs—quality 
food which are essential for our proper nutrition. An unbalanced diet 
consisting mostly of cereals may appease the hunger but it is a well-known 
fact that it can not produce peoples of stamina and efficiency. Physicians 
the world over are agreed that p(sychological traits, such as, ^laziness, 
inability to concentrate the mind, a constant feeling of malaise are caused 
by a diet lacking in animal p;rioteins. All these go to prove that the wel¬ 
fare of our nation, and in fact of every nation, is corrdlated vitally with 
the welfare of the domestic livestock and one cannot do without the 
other. During the evolutionary process of industrialisation in our coun¬ 
try, however, this integration between man and animal has been lost 
sight of. The urgency to produce more of the bulky food to appease the 
hunger of the growing population, or the stepping up of the production 
of such agricultural commodities like tea, cotton, jute to earn ready cash 
has resulted in the neglect of our cattle. Such land as were previously 
kept apart for grazing has been brought) under the tillage, and the inten¬ 
sive cultivation of cereals and cash crops has resulted in the decline of 
the fertility of the soil. Caftjle have been made to do more work without 
enough food, and this has led to the diminution in theiit productive capa¬ 
city. This vicious circle has now proceeded so far that *’quality” has 
disappeared from the Indian diet. The loss of vigour in the Indian cattle 
and other livestock coupled with bad management has made them easier 
prey to the ravages of epizootic diseases, so that the present picture is 
that of puny, feeble creatures low in all capacities for work or milk or 
meat production. 

ILJVESTOCK INDUSTRY IN INDIA IS UNDKYRUOPED 
It is high time, therefore, that our attention is focussed on the im¬ 
provement of our livestock, and especially cattle. Even from the present-> 
day degenerate cattle we are getting a value amounting to about Rs. 3,500 
evovea every year. This figure, though vast, shows only one aide of the 
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picture. The earning per head of the cattle worses out to be Rs. 120/- per 
annum. With proper feeds and management, this figure can be improved 
to Rs. 150/- as it ia known that by supplying proper^ feed the milk yield 
can be improved by 50% and the working capacity by 20%. The minimum 
cost of adequate maintenance charge per head of cattle ia however 
Rs. 150/- so that animal husbandry in its present state does not appear 
to be a paying concern in our country. It is, however, stressed once again 
that the above figure, is that of an undeveloped industry where raw mate¬ 
rials are the animals which have been rendered degenerate through 
centuries of neglect. 

The economic prosperity of several countries have been based on 
their livestock industry. New Zealand is a small country, roughly the 
size of Great Britain, but she is the largest producer of dairy products 
and possesses sheep by the millions. Her two million people posses 16 
sheep to every, man, woman and child. All her wealth and high standard 
of living originate from this great pastoral advancement. Similarly, Aus¬ 
tralia’s greatest industry is her wool and her greatest prosperity depends 
on wool prices, which brought her during 1950-51 £.637 million. Australia 
made its humble beginning only in 1790. When Captain Cook landed at 
Botany Bay in 1788 there was not a single sheep in Australia. Even tak¬ 
ing the case of underdeveloped countries, South-West Africa earned last 
year £.6 million by her Persian lambs’ industry. There is no reason why 
India cannot do even better with her enormous natural resources of this 
underdeveloped industry which still makes an annual contribution to the 
tune of Rs. 3,500 crores. Our cattle do not lack the genetic make-up for 
better production, and breeds of Indian cattle have proved their worth in 
U.S.A., Australia, East Africa, etc. 

CATTLE POPULATION—NO SURPLUS 

It has been argued by some economists, as well as by some foreign 
experts that the large cattle population in India is a great burden, and 
that the available land is not capable of maintaining both the human and 

I _ 

animal population. This statement needs qualification. It is true that 
India possesses an appreciable proportion of less productive animals. 
There is certainly a strong case for replacing some of our cattle by better 
and more highly producing animals to ensure economic returns, but for a 
long time to come we shall require a large number of animals in this 
country. The total milk production, even if it were consumed wholly as 
fluid milk,' would yield only 5 oz. daily per head of the human population 
Modem concept of dietetics places the minimum need at 10 oz., preferably 
16 oz. daily per person, so that tmtil the time we have upgraded our milch 
animals to such an extent that there is a surplus of milk, we cannot think 
of diminution of the number. Besides, by improved feeding alone these 
animals are capable of giving better yield of milk. Again the net sown 
area in India at present is about 230 million acres. This area can be in- 
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creased to 300 million acres by rdclaimingr some of the cultivable waste 
land. If from these, 100 acres may be sown more than once throug^h, 
irrtigation, the total available! land, i.e., 400 million acres, will be suffi¬ 
cient for both the human ajnd animal needs!. In order to cultivate these 
lands, 60 million working animals are rejciuired, and India has got only 
60 million bullocks. Thus, neither in the category of milch nor! in work-* 
ing animals is there any real surplusi. On the other hand, due to the 
ravages of epizootics, it appears more than likely that there is really a 
dearth of all class of producing animals—a fact which is supported by the 
phenomenal r^o in the price of such' categories of cattle. 

Moreover, it may be stressed emphatically that if proper care is taken 
in the distribution of land and sowing practices, the( yield of nutrients per 
acre of land may be substantially increased. It has been pointed out be¬ 
fore that as a result of continuous non-rotational cultivation, the yield 
of grain per acre is very low in this country. This has been the experience 
in other countries also, but by a process of mixed farming, i.e., through 
the adoption of a grass-grain rotation, the yield of cereals has been 
improved quite considerably. In Illinois, it was found that when maize 
was g^own continuously in the same land for 39 years, the yield per acre 
dropped from 41 bushels to 24 bushels. In comparison, 50 bushels of com 
per acre was obtained in a three year rotation following clover. More¬ 
over, in such a mixed farming we get in return for the grasses grown 
such valuable food products like milk, meat, etc.—products which go a 
long way to increase the vitality of our people. Thus, mixed farming 
which was the basis of agrHculture in old India should be taken, recourse 
to, if we are to improve our physical and economical status. Certai'n 
countries have allocated the major portion of the available land for the 
development of pastures and the growing of fodders for animals rather 
than for the growing of cereals for human beings, and this has been 
proved to bei in their best interest. 

KRADICATIOlSr OF mSKASES 

In order to maintain the rh.ythm of intensive cultivation which is the 
crying need of our country, it is essential that our animals should beS 
properly managed. Maintenance of health must depend on adequate 
feeding and eradication of diseases. The question of feeding has already 
been dealt with. Diseases not only the virulent epizootics, but helmin¬ 
thiasis, protozoan infections, etc., also sap the vitality of animals and 
produce stunted growths and degeneration. 

I shall try to indicate the ravages that are caused by disease and the 
economic losses sustained thereby. Statistics are very meagre, but re¬ 
curring losses are unmistakable. Science has provided us the tools by 
which these losses can be largely eliminated but what is needed now is a 
concerted effort to bring the laboratory experience to field practice. The 
control of snails in long stretches of low-lying areas will certainly save 
much valuable livestock from the serious depredations of Uverflufces and 
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other trematodes, but these field operations must be darried out rationally 
on a large enough scale as in the campaigns directed against locusts and 
malaria. 

The losses resulting from an outbreak of any epizootic disease are 
manifold. The net loss due to death can more easily bei ascertained. Be¬ 
sides these, a much larger number of affected livestock are rendered 
immobile or useless for production purposes for a considerable period, 
and many of them may even after survival beeome useless burdens due to 
some permanent physiological damage like sterility. No statistics for 
such cases are yet available. Neither is it easy to calculate the loss due 
to impairment in working capacity, loss in milk, meat, egg or wool pro¬ 
duction by the affected animals. Recently, the. Indian Council of Agricul¬ 
tural Research has arranged to compile the vital statistics of animals in 
the different States of the Indian Union, but only about 50% of the mor¬ 
tality is brought to the notice, while the perc'entage of affected animals 
covered by the monthly tables is still smaller. Even then, the reported 
losses due to the more important animal diseases for the year 1951 is 
given below and the figures speak for themselves: (1) Rinderpest—46 
thousands; Haemorrhagic septicaemia—30 thousands; Blackquarter—18 
thousands. The total annual mortality from infectious diseases alone is 
given to be a lakh, while the figure for those affected by these diseases 
is over 5 lakhs, of which more than 3Vs lakhs suffer from Foot4and-Mouth 
disease. Allowing for the unreported cases, we can easily put down the 
number of deaths at the conservative figurei of 2 lakhs and those affected 
at 20 lakhs. Assuming an average price of an animal at Rs. 150/- the 
annual loss due to death alone is 3 crores of rupees. If we add to thi^ 
figrure, the invisible losses in food growing and milk production caused by 
the absence of these animals, this figure may be many times more. The 
number of affected animals is about 1% of the total livestock population 
of India. It may be assumed that due to debility, the productive power 
of the diseased animals is reduced by (30%. In that case, tihe loss may 
be taken as 0.3% of the* net earning from livestock or in other words 
about Rs. 12 crores. This fig^ure also does not take into account the un-* 
known number of animals which are rendered permanently unfit for any 
useful work. Summing up, we may deduce that epizootics alone are cost¬ 
ing the country to the tune of Rs. 20 crores annually. Over and above 
this, a much larger number of animals suffer from various chronic 
diseases caused by protozoa and helminths. Such diseases also cause 
considerrable debility and quite a large proportion of mortality as well. 
As no statistics are available for such cases, it is not possible to calculate 
the losses in rupees, annas' and pies. Howaver, as a concrete instance, it 
may be mentioned that a loss of Rs. IV^ crores is incurred annually 
through the depreciation in the value of hides by warble-fiy infection 
alone. 

OONTROI« OF FPIZOOnOS 

It nay be of interest here to recount , what has been done so far for 
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the control of epizooticis. Considering the vast area of India, and its large 
number of species of livestock under different conditions of soil-climate 
complex, our cottotry has only one Research Institute to investigate into 
the nature of prevailing diseases,' and to give advancied training in field 
work, teaching and research. Students have been attracted from the 
neighbouring countries, and occasionally from long distances. The ques¬ 
tion of raising the standard of veterinary education and bringing about 
uniformity is engaging the» attention of the Indian Council of Agricultural 
^Education. The staff of this single Institute had never been adequate to 
cope with the problems of animal preservation and development. Though 
the Indian Veterinary Research Institute, founded in 1890, is the oldest 
research institution in the whole country and reflects the urgent necessity 
of that time for livestock preservation against the widely prevailing 
animal plagues, the question of the further development of that Institute 
in particular and Veterinary Science in India in general, had not received 
the motherly car© and protection as their importance in the country’s 
welfare demanded. However, even working under serious limitations, the 
veterinary scientists have been able to develop effective retmedies for 
the protection of our livestock against most of the serious animal diseases 
prevailing in this country, and have undertaken studies on problems of 
animal nutrition, breeding and technology. In fact, there is more urgency 
now for further intensified work, and the lines of, work which have yet to 
be undertaken and developed are many. No systematic researches have 
yet been undertaken in the promising field of the elaboration of cheap and 
efficacious treatment of animal diseases from the indigenous drug resour¬ 
ces. In animal disease control work, the main object is tlo find out the 
means of preventing diseases. It is commercially unsound to cure 
diseased animals, as individtxal cures might cost more than the patient 
might be worth to th© farmer. In fact,' countries have ruthlessly killed 
all animals suspected of carrying contagious diseases iin order tlo stamp 
out such maladies like rinderpest or foot-and-mouth disease. Hence pre¬ 
vention rather than cure is the basis of veterinary practUce!. This fact 
emphasises the justification for the origin and development of modern 
immunology in veterinary practices, and prolonged experience has shown 
this to be a definite advance on th© indigenous Yunani' or Ayurvedic medi¬ 
cines as far as the rapidly spreading contagious diseases are concerned. 
These systems have their merits and are valuable in certain chronic 
maladies, but) it must be emphasised here that any haphazard attempt 
made to utilise these in th© control of outbreaks of epizootic diseases sudh 
as rinderpest, foot-and-mouth disease is likely to result only in the wast¬ 
age of ^orts and resources. Therefore, a supply of reliable veterinary 
biologicals is essential for th© needs of the country, and fairly large quan¬ 
tities of over twenty-five different products are produced at Izatnagar and 
other centres. An Expert Committee for the Standardisation of Veteri- 
naxy Biologicals has been set up by Gh>vernmenfi of India, and two eminent 
medical men have been included in this Committee. 
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Further, it must be remembered that one has to treat animals in herd 
or en mMssd^ It is necessary that all the useful animals should be pro¬ 
tected by a vaccine which should give sound immunity for a long stretch 
of period. As the number of animals in the country is very great, the 
price of such biologies should be cheap as otherwise the cost of pr^en- 
tion will be beyond the means of the[ farmers or the Government. For 
example, after prolonged periods of research a reliable vaccine giving 
satisfactory long term immunity against foot-and-mouth disease has been 
evolved at Mukteswar, but the cost of a single dose is about Rs'. 5/-^. 
When the number of cattle are considered, it may be .seen that to immu¬ 
nise the 200 million heads will cost Rs, 100 crtorcs as the price of the 
vaccine alone. If we take into donsiderfeition the expenses for maintain¬ 
ing the personnel for collecting and vaccinating these large hciads of 
animals, the total expenses easily mount up to another Rs. 100 crores or 
more. It is evident that expense on such a scale will bcl beyond the capa¬ 
city of the country for some years to comet. Again, there is a compara¬ 
tively cheap vaccine against haemorrhagic septicaemia which costs only 
annas two per dose. Unfortunately, however, the immunity that results 
from this treatment lasts only for three months, so that it is necessary 
to vaccinate the susceptible animals at least once every year. The huge 
recurring cost prohibits its use on a mass scale and only organised large 
farms where valuable animals are maintained can afford to undertake 
such treatments, lienee our aim has been the production of cheaper and 
better vaccines and with the technical assistance of the F.A.O. arrange¬ 
ments have been made to modernise production procedures and to instal 
latest equipments at the Central llnstRute, and at some of the major 
State Centres. How continuous research may help towards this is ex¬ 
emplified in the story of the control of rinderpest. 

CONTROL, OF RINDFRPRST 

Rinderpest is a world problem. It had always been and in fact still 
continues to be the most important contagious animal disease. It attacks 
all ruminants and the mortality rate is very large. In the 1860’s, rinder¬ 
pest was ravaging the country-side on a wide scale and was responsible 
for the loss of nearly ten lakhs of cattle every year. In large areas of 
the country, agricultural operations chme to a dead stop. The Govern¬ 
ment of the time established the Imperial Bacteriological Laboratory to 
find a remedy against this fell disease and Robert Koch was invited to 
Mukteswar to advise. Within nine years of the establishment of the 
Institute, an anti-rinderpest serum was evolved. This biologic at first 
was rather costly, and could render the animals immune for short periods 
only, so that it could used as a temporary protective only in the actual 
sites of outbreaks. Further years of research saw the lowering in the 
cost of production so that the price of one dose came down to one anna 
only. However, the short period of immunity made this treatment 
available mostly for use of costly animals in the military and dvil dairy 
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farms. In 1927, the virus was fixed in goats and the attenuated vaccine 
made from goat spleen was found to render life-<long immunity lr» the 
treated cattle. The price of the vaccine was also cheap, being Re. l|2l- 
for 100 doses. This newer tool helped in carrying out large-scale immu¬ 
nisation in all parts of the country, and thereby the deaths from rinder¬ 
pest) have been brought down by 90%. However, this vaccine, which costs 
about 2.5 pies per animal, has some drawbacks, as it produces high reac¬ 
tion and mortality in buffaloes where it has therefore to be used in con¬ 
junction with anti-scrum, which increases the cost. These defects have 
prevented the wholesale immunisation of the animals in India. Recently 
we have evolved a still cheaper lapinisod vaccine, which produces' practi¬ 
cally no reaction in the immunised animal and yet renders solid immunity. 
The time has therefore come when a concerted attempt may be made to 
eradicate the disease from India. 

ERADICATION OF RINDERPEST 

One of the chief handicaps in underthking any scheme of animal 
disease eradication has been the paucity of men and finances—compared 
with the vastness of the problems. It is a sad fact that veterinary pro¬ 
fession in India has failed so far to attract a large number of students. 
Economic consideration is the chief reason for this apparent boycott, as 
livestock development has until recent times received only scant attention. 
The annual budget for veterinary and livestock departments in all the 
provinces of British India for many years bad never exceeded 50 lakhs. 
This works out to be a littlel over' a quarter of a pie per head of animals 
compared with 95 in United Kingdom and 248 in Switzerland. Fortu¬ 
nately, the public and Governmental interest in animal husbandry has 
recently been on the increase. More Veterinary Colleges have^ been 
opened and quite a number of schemes for livestock improvement is being 
undertaken. It is in this context that I took the opportunity to present 
a ten-year plan for the eradication of rinderpest in India. This plan has 
been accepted in principle by the Government of India and has been men¬ 
tioned in the Five Year Plan. The F.A.O. has also agreed to help this 
plan by supplying expert personnel as well as through procurement of the 
machinery necessary for the mass scale manufacture of the vaccine. 

When the well-heing and efficiency of the large number of affected 
animals and through them those of their owners are taken into account, 
the imperative need for such eradicatory measures becomes all too evi¬ 
dent. With the experience gathered from this scheme and through conti¬ 
nuous research, the path may be opened to the future veterinarians to 
make India a safe country for all types of domestic animals—a condition 
that is essential if we are to convert our country into the "Stud Farm of 
the East”. 

RANIKHET DISEASE 

I may also mention another achievement of the Institute for which 
we may be execused reasonable pride. Organised i)Oultry farming in India 
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bad always been a hazardous attempt, as the owner used to find one morn¬ 
ing that his whole fiock has been wiped out/ through the outbreak of the 
Jlanikhet disease. A vaccine fi’om incubated eggs has fairly recently been 
evolved, which involves a cost of only 0.5 pies per bird. Extensive field 
operation in India and abroad has proved the efficacy and usefulness of 
this vaccine. Poultry farming in India has now been made a safe venture. 
This has not only paved the path for the establishment of a new industry, 
but indirectly it has provided the nation with the means by which quality 
foods like meat and eggs can be ijroduced economically in large amounts 
by the use of electrically operated mammoth incubators. The prospect of 
an egg a day for the people of India has been made a reality, so that the 
deficiency of milk proteins which takes long periods to remove can be 
made up readily. I leave it to my medical friends to think about the 
probable impact of this on national health and wellbeing. 

I have dwelt at great length on the importance of animal husbandry 
in the economy of India in the context of the slogan ‘‘Produce or Perish”. 
All that I want to stress is that livestock plays a key role in the problems 
of food production engaging the mind of all thoughtful persons. In order 
to step up the agricultural production of our country we need sturdy, 
healthy animals. In fact, unlike other countries agriculture is ancillary 
to the livestock in this country. The prevention of animal diseases is not 
only a direct approach towards the smooth functioning of agricultural 
operations but is also essential for maintaining the morale of our agricul¬ 
turists, who had often in the past been frustrated in their efforts through 
the sudden outbreak of diseases. In fact, the suddenness of the epizootic 
diseases and the mortality rate caused thereby had, in no small measure, 
been responsible for the degeneration of our cattle. Once it is ensured 
that an animal and its offspring are going to live for reasonable periods, 
the path will be opened for upgrading the future generations so that 
better productive power may be developed. Improvement of large animals 
is a time consuming process, and extreme care is required in choosing the 
particular breeds which are likely to be the best adapted for different 
regions. A climatological laboratoi’y is proposed to be set up for testing 
out the potentialities of each breed under different environmental factors. 
The Key Village schemes which have recently been inaugurated in India 
are an attempt to bring about the prosperity of the rural population 
through multipurpose activities in which livestock preservation and 
development will play a prominent role. For the whole of India, over 
200 such schemes however cover very little ground. 

There are many calls on our budgets, and we cannot expect to start 
everything all at once. In other countries, private individuals and bodies 
have always played a large part in livestock improvement. In Great 
Britain, Animal Health Trust was started a few years ago as a private 
body financed entirely by philanthropists. This Trust endows much larger 
amounts for research and training than has been possible by the Govern¬ 
ment of the country. India possesses many large-hearted philanthropists 
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and may we not hope they will take more lively interest in livestock 
improvement work, if only we can draw their attention to the vital neces> 
sity for such endeavours in India. 

One more theme and then I conclude this address. Within our limited 
means we veterinarians have managed to achieve some success in the 
laboratory, but very much more yet remains to be done. In this effort, I 
feel that our brother scientists can help us a great deal. In these days, no 
science stands alone. The task of national regeneration is many>sided 
and colossal, having for its objective the removal of poverty, dirt, disease 
and ignorance. The present shortages and deficiencies menacing us have 
to be removed, and the solution of many of India's ills requires a revision 
of the conventional lines of attack. Projects of public welfare can have 
no real significance to a people in a subhunuan level of nutritional exist-* 
ence. To this end, the resources of all branches of science shotild be 
directed in a co-ordinated manner. If the enormous advances made in the 
ph 3 ^ical sciences can be utilised even in a small measure towards the 
investigation of veterinary problems, I am sure that will reap great mutual 
benefit on. all sides. Indications are that the resources of X-ray, ultra¬ 
violet radiations, ultrasonics, electron microscopy, isotope tracers, anti¬ 
biotics, etc., if applied to animal physiology and pathology are sure to 
result in discoveries of great value. Similarly, the greatest stimulus that 
can be given to the farmer for renewed interest in livestock is to show him 
that there is money in livestock farming and satisfactory returns from 
internal and external trade in livestock are likely to follow to improve his 
economic status. Better utilisation of the farmyard manure, eradication 
of such pests like ticks, flies and other insects and hygienic management, 
which can be devised through biological sciences, will help him in this 
effort. Moreover, he must be assured of speedy despatch of his output in 
a wholesome form to the consumers, so that maximum monetary gains can 
be obtained. In these, the resources of the engineering science in provid¬ 
ing technical equipment, better transport and refrigeration facilities will 
be essential. It is in meetings like these of the Indian Science Congress 
where representatives of all branches of science meet, and can take coun¬ 
sel together to evolve a common plan for the scientific development of our 
animal resources—a plan which will not only primarily help our rural 
population but in the long run is sure to increase the prosperity and good 
health of the entire population. 
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Presidential Address 
GENETICS AND CROP IMPROVEMENT 

Introduction 

In the presidential address before this section AIi*. Ramiah (1941) has 
given a general survey of plant breeding aitd gcnetical work in India refer¬ 
ring to two important crops, rice anti cotton with which ho was familiar. 
During the last 10 years and in fact nearly 50 years after the rediscovery 
of Mendelian Laws, genetics has made vast strides of atlvancement out 
of all proportions to its recent origin. Wc have in the place of an abstract 
factor, or gene, as conceived by Johannsen, a matei*ial particle, a unit with 
its own inherent property which is tlependent on the linear correspondence 
of its partners and the nucleus as a whtile. Attempts to understand the 
nature of the gene and the Tnechanism of its action have resulted in genetics 
impingmg upon all sciences as it deals witli the fundamental unit of life. 
The nature of the action of gene is bemg studied in the lowest types of life 
like Neurospora and these studies are forming part of a new discipline, 
namely, bio-chemical genetics and the bio-chemical geneticist is dealing with 
the gene as the largest of the molecules ho is conversant with. Modern 
genetics, therefore, is an unification of all the sciences and its ramifications 
extend to chemistry, physics, physical chemistry, breeding, etc. The 
synthesis has made plant and animal sciences into one. Recent develop¬ 
ments in the sciences of physics, chemistry and mathematics have made 
remarkable contributions towards the unification of these sciences with gene¬ 
tics and towards a better understanding of the nature of gene. This know¬ 
ledge has placed in the hands of geneticists, tools with an accuracy and pre¬ 
cision hitherto unknown. Tecimiques resulting from advances m enzymo- 
logy, the mici'o-manipulator, absorption spectrometry and the electron mi¬ 
croscope are but a few which are made use of by the present day geneticist. 
As a consequence, the tremendous complexity of the gene action is getting 
to be unravelled althotigt:i not fully. If the Drosophila work is recognised 
as responsible for th^, unification of genetics and cytology, the study of the 
biochemical genetictii^f micro-organisms like Neurospora late in this century 
can be said to havc^ Unified chemistry and genetics. 

The usefuhieal''lof the study of genetics to man is very great. In addi¬ 
tion to the improvement of crops it is expected to play or is playing an im- 
{K>rtant part in the improvement of society. X-rays and chemicals can 
break up chromosomes. Nuclei can be combined, separated or modified. 
Tti short “we can compress a millennium of variation within a few minutes”. 
Species that hitherto did not cross with each other can be crossed; hybrids 
that were sterile can be made fertile and innumerable heritable changes can 
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be introduced. Therefore these techniques strengthen plant and animal 
breeding. Domesticated plants and animals have been standardized for the 
use of man. Resistance to diseases and insect pests have been built up by 
utilising related species from different sources. 

Thus, the importance of the study of fundamental genetics is obvious. 
I j)ropose to give in this address the important contributions made by 
genetics, their application towards crop improvement and also indicate the 
necessity of the study of this subject in India where it is regrettable to note 
that so far no serious attempt has been made to place this science on a foot¬ 
ing tjqual to its importance. 

Agi’icultnre is essentially a product of domestication. This domesti¬ 
cation started iii pre-historic times and progress was made in the selection 
and growing of important food plants. Darwin as a student of evolution 
studied variation amongst plants and animals under domestication and 
attempted to get a kiiul a niagnilied idea of evolutioii in nature. According 
to him variation was dex>endant on hybridization, selection and in-breeding. 
Two ei>och making discoveries made after Darwin’s period have thrown 
more light on the variation on which evolution depends. They arc first, 
discovery of the principles of inheritance by Mendel and secondly, mathe¬ 
matical appli<*ation of tliese xirinciples for a clearer understanding of evolu¬ 
tion. The importance of these studies in agriculture lies in the fact that 
they enable us t(j find out how genetic agents of evolution act and interact 
in an environmental frame work quite flifferent from that occurring in 
nature. Cultivattid plants have been found to have their origin aboxit 10,000 
years ago. It might be possible to get a correct estimate of the date of origin 
by testing the radio-acti\ ity of the fossil remains. From the point of view 
of evolution, this jjeriod is very brief and it is remarkable to consider that 
th5 host of varieties of cultivatetl jdants of today arc not a result of gradual 
evolution but are due to the conscious effort of man. He has selected them 
and grown them in the man-made environments. Natural vegetation has 
been removed, chemical and biological properties of the soil has been changed, 
plants were protected from disease and pests and by providing irrigation, 
climate has been changed to a great extent and competition with other species 
reduced to a nimimum. Natually the study of the evolutionary agents 
under this changed environments would give importanti clues on the impact 
of genetics in agriculture. 

The principal genetical agents which are comiected with Agriculture 
are 1) mutation 2) hybridization and 3) selection. Apart from these, there 
arc others like isolating mechanisms and changes in environments which 
operate through these agents and all tliese are at work in Nature and there is 
yet another factor under conditions of domestication i.e., the human fator, 
Man has to a remarkable extent accentuated or exaggerated the action 
of these agents. Man has created new niches to some of the favoured species 
of plant kingdom because of their usefulness and as such their evolution 
followed new paths. Most of these species were originally very poor com¬ 
petitors under natural condtions and would have become extinct had it 
not been for man’s intervention, sugarcane being one such example. It 
may be seen that many of the cultivated plants are not known in the wdld 
state. The common wheat is an example. The species which probably 
had a very restricted range in Central Asia, now occupies about 400 million 
acres of the earth’s surface. It is therefore a fascinating study to consider 
how the agents of evolution have worked to adapt the cultivated plants to 
the new niches that man has created for them and how the knowledge of 
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the genetic forces that arc in operation in evolution help us to improve these 
plants than what they are. These problems are, therefore, basic to crop im¬ 
provement. 


Mutations 

Both in nature and under domestication mutations are to be considered 
as the building blocks of evolution. The immediate causes of variation 
are due to segregation and recombination, I'here is no doubt that the ulti¬ 
mate source is mutation. Does mutation affect the cultivated plants in the 
same way as they do in wild populations? Are artificially induced muta¬ 
tions economically useful ? These are very relevant questions which pertain 
to crop improvement. The cultivated plants represent a special category 
and one of the remarkable features as compared to wild plants is the ob¬ 
taining of greater number of mutations in the cultivated plants. This is due 
to (i) the increase in size of population resulting from large scale cultivation 
and (ii) the well adapted nature of the wild plants which have a low muta¬ 
tion rate. Agriculture can be said to have exploited nmtations to a great 
extent than Nature and a proper study of the Nature and control of muta¬ 
tion processes is essential for further exploitation. On the one extreme, 
the genetic effects of a mutation are of such magnitude that the death of an 
organism is ensured. Considered from the point of view of improvement of 
domesticated plants, these mutants colled lethal mutants are of little signi¬ 
ficance. To this group can also be added such of those mutations which 
affect the reproductory sj^stem in such a way that either complete or par- 
\ tial sterility results. However, some of these mutations as male sterility 
has been put to use in the breeding techni<pie. 

Special importance is attached to mutations which affect several parts 
of the organism but without affecting the fertility of the individual. Many 
of the single gene differences in wild and domesticated populations are of 
this category. The effects in some are so distinct that the mutant plants 
are being designated as a separate species. The sphaerococcum gene 
of wheat T. vulgare, is an example. The breeder looks forward in related 
species of cultivated plants for such mutants which are likely to benefit 
the crop plants. 

It is often the experience of the plant brooder that the character differ¬ 
ences between races and species are controlled by multiple factors which are 
due to the occurrence of several mutations. In addition to these multiple fac¬ 
tors there is also found a system of modifying genes. These small mutations 
are most important in building up the differences between the species. Re¬ 
cent study of continuous variation has led to its analyisis and to the classi- 
of polymeric genes with recognisable phenotypic effects and polygenic genes 
where the phenotypic effects are not so recognisable. The role of small 
mutations in the expression of these gene systems is important as many 
of the characters of economic importance exhibit variation of the 
continuous type. Most of the mutations either spontaneous or artificially 
produced through the agency of x-rays, etc., produce phenotypes which are 
less viable, abnormal or weak. This is to be expected as the genic comple- 
"ment of any species is a complex system whch is well balanced with the 
environment. Any change upsets this balance and occasionally useful 
mutants could probably be isolated if these are exposed to a new environ¬ 
ment. An important conclusion of far reaching possibilities has been 
drawn from the work of Dobzhansky and Spassky (1947). They have re¬ 
ported that a genotype not favoured in a normal environment due to reduced 
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developmental rate, reduced fertility, etc., becomes established in a differ¬ 
ent environment due to favourable mutations and gene re-combinations 
and reverse is the ease with a wild balanced genotjrpe. 

It has been observetl that the rate of spontaneous mutation is very low 
in nature (about 1x10”*). One of the remarkable discoveries ‘ of * last 
decade is the finding of Mxiller that the rate of mutation can be considerably 
increased by artificial agencies like high energy radiation.s. The point has 
also been emphasised by Oobzhansky (1941) that the rate of spontaneous 
mutation itself varies from one race to another in the same species and from 
one locus to another in the same individual. Mutations therefore can them¬ 
selves be said to be under genic control and the increase in the mutability of 
one gene through the effects of other genes with which it is associated has 
beennotieed in maize anrl in cotton. It would therefore a.ppear that mutation 
rates are themselves controlled by natural selection. Since most of the mu¬ 
tations are deleterious in their effect, natural selection will tend to lower the 
rate of mutations in the well adapted and established species. An old pure 
line and two new strains of barley, relatively recent products of hybridiza¬ 
tion were taken up for study by Oustafsson (1947), The latter group 
showed higher frequencies of x-ray induced morphological mutations than 
than the former. It ■would appear that the high stability has been broken 
up in the newer varieties. Various attenrpts have been made with some 
success to induce mutations in crop plants. In addition to a number of 
deleterious mutations, a small group of exceedingly important induced mu¬ 
tations have been obtained. How well these fe-w mutants can be harnessed 
in crop improvement is illustrated by the work of Gustafsson (1947). In 
barley in which extensive work with-x-ray induced mutations have been 
carried, physiological mutants Avith stronger straw, higher grain weight and 
early maturity have been put under trial Jfor several seasons and the superi¬ 
ority of some in the above mentioned characters and also in yield has been 
been well established. Similar barley mutants showing increased yield 
which in some cases show' an increase of 27.8% over controls have been 
reported by Kuckuck and Mudra (1960). Amongst other crops in which pro¬ 
fitable mutants have been isolated is the flax mutant (L«evan, 1945) which 
has a superior fibre yield and a good seed yield. In rice, Ramiah and Partha- 
sarathy (1938) isolated a mutant which proved to be of economic value. 
This mutant was slightly shorter in stature ■with a larger number of tillers 
than the original x>arent material and is useful in rich soils where the problem 
of lodging is serious. 

An interesting observation made by Gustafsson and MacKey (1948) 
is the phenomenon of heterosis exhibited by X-ray plants especktUy when 
the irradiation dosages are low and medium. Heterosis is attributed 
to the induction of recessive and lethal mutants. The results are compar¬ 
able with the findings of Jones (1945) that spontaneous deleterious muta¬ 
tions in the heterozygous state increase the yield of in-breds. It has also 
been observed that in a heterozygous condition it is the lethal mutations 
which cause heterosis rather than vital mutations. When it is remembered 
that natural selection acts more on recombinations than on mutations, 
it is hoped that the induced mutants would prove more vauable as material * 
for further breeding by recombination. In a new genetical environment 
even mutants with bad effects might show a favourable reaction after re« 
combination (Muntzing, 1951). So the appearance of numerous unfavourable 
mutations need not discourage the breeder as the potentialities of these mu¬ 
tations for crop improvemet has been indicated above. 
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Another allied field of work with far reaching importance is the use of 
chemicals in the production of mutations. These studies recently standardi- 
dised by Auerbach, Robson and Carr (1947) in the use of mustard gas have 
opened up a new approach to problems of cytogenetics anti cyto-chemistiy. 
The work on chemical mutagenesis is still in its infancy. But the results 
already obtained give us a preview of the possibilities. Fundamental 
problems like the nature of the mutation ^process and the nature of the gene 
to vital problems like the cancer fall within its scope. As only a small frac¬ 
tion of one percent of the mutations occurring in natural populations can be 
accounted for by radiations present in nature, it is I’easonable to suppose 
that spontaneous mutations are probably also caused by the by-products 
of the metabolism within the cell. Auerbach (1949) supports this view by 
showing the mutagenecity of mustard oil and its presence in Jirassica. 
On the other hand, Demerec (1948) has demonstrated the mutagenecity 
of a number of chemicals, most of them found in plants. The high stablity 
shown by plant species in spite of the widespread mutagei}ic property of 
their products has been attributed by him to the fact that the chemicals for 
the induction of mutations are required in a concentration which is highly 
toxic to the organism and only a few that arc expcjsod to such concentration 
can survive. 

But a completely new field of vast practical and theoretical interest 
has been opened up by the discovery of specific mutagejis. The specifi¬ 
city can be recognised at two levels. Specificity may be seen in the effects 
like gene mutation vers'us re-arrangement, hCterochromatic versus euchro- 
matic mutations. It might be seen on the individual genes or group of 
genes. The recent results obtained by Ford (1948) and J>eufel (1952) with 
Vicia faha that lieterochromatic regions are preferentially attacked has 
assumed a great significance, for it is conceded that the genetical control 
of growth is mainly dependent on heterochromatic genes. It may be some¬ 
time before chemical mutagenesis makes such progress as to make methods 
by which specific desirable mutations can be obtained by the plant breeder. 
From the progress of the work such an expectation is not beyond possibilities. 

POLYPtOTDY 

The phenomenon of polyplokly is one of the most widespread and dis¬ 
tinctive features of higher plants. In the few plant species which have been 
throughly studied, polj^loidy has been found to play an important role 
in speciatioii. The publications of observations related to induced poly¬ 
ploids are numerous. The role of induced polyploidy in plant breeding 
can be considered at two levels (?) the use of autopolyploids of crop plants 
in crop improvement and (ii) the use of artificial allopolyploids (a) to evolve 
new crops (b) to synthesise existing crop plants from parental species and 
(c) to overcome interspecific sterility so often encountered in breeding investi¬ 
gations. Comprehensive reviews of these have been made by many investi¬ 
gators. 

The results obtained in the use of autopolyploids have not l)een often 
successful. In crops grown for the yield of vegetative parts like tubers, roots, 
etc., the autoi)olyploids by virtue of their increased size were found to be of 
immediate use in agriculture. Instances can be cited from the work in sugar- 
beets and radish. With reference to autotetraploids of,crops grown for grain 
yield it can be said that complete success has not been achieved so far. The 
reason for this failure is the handicap of seed sterility. The reasons for this 
seed sterility in autotetraploids are far from, being well understood. The 
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sterility has variously been attributed to cytological. genetical, physiological 
or embryological causes. It was at first sujiposed that the formation of 
multivalents resulting in gametes with unbalanced chromosome number 
caused the sterility in autopolyplokls. It was also further assumed that 
chromosome length which is related with multivalent frequency also indi¬ 
rectly controls the sterility.. Subsequent investigations, however, proved ^ 
that seed stc‘rility in autopolyploid is not correlated with multivalent fre¬ 
quency. Most, of the st udies on the meiosis of autotetraploids have been 
made with PMC and the meiosis in KMC has been assumed to follow similar 
trends. 'I'hnt this need not always be so, has been shown by Kinset (1947) 
in Lactuca where the breakdown of meiosis in 20 per cent of the ovules was 
noticed, while meiosis in PMC was found to be normal. Kven considering 
these absormalities to be responsible for seed sterility, it cannot be denied 
that only a small jiart of the sterility is accounted for. Randolph (1941) 
has explainetl that sce<l sterility might be due to the action of genes. The 
hypothesis of genes conflit ioning fertility has been put forward by many inves¬ 
tigators. It is presumed that the genetically controlled physiological factors 
of an unknown nature but not related to meiotic irregularities arc responsible 
for the sterility of the autotetraploids. Another hypothesis that the steri¬ 
lity is controlled by genes but these genes arc small and cumulative in effec-t 
and unrecognisable individually has been proposed by I'arthasarathj’’ and 
Rajan (1962). This is supported by indirect evidences from the results of 
breeding experiments ii\ the aiitotetraploids of Urassica. That the mecha¬ 
nism of the failure of the seed to set is embryological in nature has been shown 
by Hakansson and Ellerstorin (1951) in autotetraploid rye and Rajan and 
Ahuja (1962) in autotet raplokls of Brnssirn. In rye, the sterility is mainly 
due to the non-fertilization of normal embryosacs and abnormalities in the 
development and differentiation of t he endosperm. In Urassica, however the 
abnormalities in the formation of the embryo sac account for the major 
part of seed steilitj’^. Scholsser (1944) attributes the cause of sterility as 
due to lack of balance betw'cen nuclear genes in a doubled condition and plas- 
magenes in the cytoplasm which are not so doubled. The exact nature of 
of the causes, therefore, appears to be very obscure and the complexity of 
the problem has defied solution so far. While the causes for the st/Crility 
remain obscure, attempts have been made to improve the fertility of auto¬ 
tetraploids by various w'orkers Th<*so attempts arc l>eing met with varying 
degrees of success as in rye (Muntzing, [1961] and in Urassica (Parthasarathy 
ami Rajan, 1952) where the sterility has been overcome to a great extent. 

In general it appears that cross pollinated plants lend themselves better 
for improvement of fertility than the self pollinated crojis. Seed yield in 
the autotetraploid as in any other plant is.controlled by a set of characters 
of which seed fertility is one. Since the use of autopolyploid in impro¬ 
ving grain crops is in the increased seed size, improvement of other characters 
besides fertility and seed size W'hieh contribute towards the increased yield 
should also receive consideratit>n. Towards this end, characters like branch¬ 
ing, number of flowers, seed weight, and fruit size have been studied in the 
tetraploids to find out their possibilities for increasing yield. Prom a compara¬ 
tive study of the tetraploids with their corresponding diploids for a number 
of characters it was found that no rule of general applicability could be 
recognised. Different characters in the same tetraploid show a shift 
towards positive and negative directions to different degrees as compared 
to the diploid. Further it was noticed that the behaviour of tetraploids 
from different tyjies or varieties or pure breeding lines within the species was 
very variable when compared to their performance at the diploid level. 
Therefore no prediction of their performance could be made from a knowledge 
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of the behaviour of parent diploids. From this it would appear that dif¬ 
ferent genotypes even within the species respond differently to polyploidy 
and this is of considerable significance inpolyploidy breeding. The genetical 
basis of such a diffcretial response of the genotype to chromosome doubling 
appears to be similar to that of the “efficiency maximum” of genes shown 
by Lawrence and Scott-Moncrieff (1935). Similarly Levan (1951) finds that 
tetraploids from those dipl(.)id8 of linseed which have been already subjec¬ 
ted to selection for stern length, sliow less favourable response for chromosome 
doubling than those of unselectcd diploids. The outcome of all these studies 
related to autoployploids appears to be that induced autoployploidy can bo 
profitably used by the plan breeder in crops grown for the yiehl of their vege¬ 
tative yields, for size or flowers, etc., and it appears that further investiga¬ 
tions are necessary in the utilisation of autopolyploirls in plant breeding 
especially in crops in which seed yield is of high importance. 

The yjosition regarding induced allopolyploidy is quite different. Many 
of our important crop plants are natural allopolyploids like wheat, tobacco, 
cotton, etc. One of the most fruitful results of the colchine technique is 
the demonstration by artificial synthesis, the parentage of many of our 
crop plants. These natural allopolyploids arc the results of a series of 
rare accidents. IC<juipped with the knowledge of the genetic make up 
and inter-relationship V)etween the anceslral species it should bo possible for 
the plant breeder to ljuilrl up alloploids b(‘tter suited to his requirements in a 
very short time. Again indu<;edamphidiploidy is imyjortautto plant-breeding 
in two ways: (1) it can be used in transfering acros,s a barrier of interspecific 
sterility desirable character controlled by a single gene, as for instance, 
the mosttio I'csistance in tobacco and resistance to phylloidy in Sesamum 
orientale. This method is t>f groat significance as it makes available to the 
plant breeder a hitherto untapped source of useful genes from wild rela¬ 
tives of crop plants. With reference to wheat breeding it has been suggested 
by MacFaddeii and Sears (1947) that the transfer of desirable genes should 
be effected by the use of entire genomes by using suitable induced atnphidi- 
ploids rather than by dit'cct hybridization; (2) use of allopolyploidy in breed 
ing is the production of entirely now plants. The evolution of the Triticales 
(Muntzing 1943) is an unique example. This method is likely to be more 
useful in cases where exacting standards of quality are not requred as for 
example forage crops aiifl animal feed. Various amphi^liploids in the genus 
Bromua (Stebbins, 1049), amj>hidip]oid ajiomicts in Poa (Clausen, Keck and 
Hiesey 1945) and Agropyron-Triticum allopolyploids are some of the 
useful achievements. It should be pointed out however that induced poly¬ 
ploidy cannot replace traditional breeding methods. Those polyploids 
have to be considered as newly acquired bi’ceding materials which the breeder 
has to study and utilise in incorporating useful genes in the cultivated plants. 

H y BBimZATIOK 

It is well known that in Nature, hybridization has taken place between 
freely inter-crossing ami over-lapping species. During the historical past, 
one of the agencies in promoting species hybridization was human inter¬ 
ference. This as Huxley (1942) mentions, may be direct, as when now species 
are introduced or when they are accidently transported to new areas, or 
indirect, as when species meet owing to changes in ecological conditions caused 
by man’s interference. Quite a considerable amount of hybridization has 
also figured in the evolution of modern varieties under cultivation. There 
is, no doubt, a greater variation is created by hybridization. In Nature 
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this variation is subjected to a natural selection, but it cainaot always be 
fissumed that tliey are the best from the point 'of view of utility for human 
needs. A striking example of Nature’s production by hybridization is that 
of north Indian sugarcanes (Parthasarathy, 11)46). By adopting similar 
methods later without the knowledge of the origin of North Indian sugar- 
canes i.e., by the introduction of SacMuirmn spontaneum in the improve¬ 
ment of Noble sugarcanes, varieties much superior to the north Indian canes 
have been producetl by Barber and Venkatraman and most of the com¬ 
mercial varieties under cultivation are result of selection by the breeders. 
In cereals and other crops cultivated for grain, the introduction of useful 
genes froiti related species is not so simple as in sugarcane. However, with 
the knt>wledgc of modern technicfucs as back crossing and induction of poly¬ 
ploidy by colchicine and embryo culture, etc., it has been possible to transfer 
genes fronx related wild species to the cultivated ones. It has been possible 
to bring in genes from populations which had been separated for a long time 
geographically. In the evolution of modern wheats some of our improved 
wheats have the ancestry of foreign wheats and vice versa. 

By far the spectacular and most useful results which have been obtained 
by hybridization is the exploitation of hybrid vigour or heterosis in maize. 
According to Dobzhansky (1048) heterosis is caused by the specific interac¬ 
tion of gem? complexes which have emerged in the process of evolution untler 
natural selection. The hybrid maize is a creation on a largo scale, a kind of 
adaptive polymorphism in which certain genotypes are x>rescrvod not for 
thtiir iixtrinsic worth but because they combine effectively with other geno¬ 
types similarly preserved to give a high degree of heterozygosity in the po¬ 
pulation (Mangelsdorf, 15)51). 

liy the cultivation of hybrid maize in U.S.A., it has been stated on 
rough estimate that an increase of 924,210,000 bushels of corn was obtained 
in 1946. In 1949, Seventy seven percent of the corn acreage in tT,S.A. was 
planted with hybrid seed. The agricultural benefits conferred upon U.S.A. by 
the hybrid corn can be estimated according to Muller at a billion dollars per 
year. He how'ever states that the whole cost of war time atomic energy 
would have been paid from this source alone!! These are facts which servo 
as a source of justifiable pride to geneticists. The case of hybrid corn is 
an eminent illustration as to how painstakmg experimentation and brilliant 
speculation can complement each other. 

Although not equallmg the hybritl corn in vastness and magnitude, 
considerable advance has been made in other crops to effect improvement 
based on genetical principles. Mention may bo made in this connection on 
the progress of evolution of high yielding wheat varieties resistant to rust 
and rice varieties resistant to blast. It has to be mentioned, however, that 
in the evolution of such varieties especially where one or two important 
agronomic characters have to be intiwiuced in the existing commercial 
varieties, the technique of back-crossing has to be used more extensively 
than hitherto for achieving useful results. 


Selection 


It is now increasingly being felt that selection of pure lines and grow in g 
them as improved varieties may perhaps not be the correct method in view of 
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their narrow range of adaptability and this perhaps has letl to the breeding 
of innumerable strains in any particular crop as in rice for the various cli¬ 
matic and agro-ecological regions. The study of natural populations as 
well as of cultivated varieties has led Hutchinson and GUosc (1937) to state, 
“even the inadequate description of selective forces which is all that is now 
possible is sufficient to show that their nature is such as to preve-nt the evo¬ 
lution of a single universal type.” From the anal_^'sis of cotton crop of Cen¬ 
tral India, Hutchinson and Ghoae (1937) hail i-omc to certain important 
conclusions regarding the composition of natural populations. The effect 
of selection in such populations is not to favour one pai-ticular tyjje to the 
exclusion of the others and the fittest population is always a mixture of dif¬ 
ferent types. In the changed conditions of environnu'nts in any particular 
tract no particular genotype can be the fittest and the >)alaiice is evidently 
kept up by a combination of different genotypes. In this connection men¬ 
tion may be made of the interesting t:xpcriinents of Sukat.schew (1928) on 
pure lines of danclelions. He found that altering of density of the total number 
«>f plants per plot might coniplctely alter bot h t he survival of see<lling8 and 
the fertility of tin* survivors so that the jajro line v.hoh is in force in one set 
of conditions would oust the rest if eonrlitions were chang«‘d. Harlan and 
Martini (193H) conducted experiments witJi a inixturc of 11 tyj)e8 of barley 
ill 10 different localities ovei‘ a peiiotl ol four to twelve years and found that 
different types dominated in the different plat-es as a result of natural selec¬ 
tion and the proportion of differe^nt strains varied in different places. 
These results introduce a new fu-ohh'jn in (h»? hreeding of better varieties 
for cultivation. Generally the schM'tions are made in natural crop popu¬ 
lations for paiticular morphoK^gical characters and these are later tried for 
their yields for three or four years and then the best performer is generally 
distributed as a strain. Really speaking those cannot be considered as pure 
linos and so perhaps this metlnxl leaves a certain aim)unt of variability in 
these varieties. iSclectioii for yiehl in sm li 'strains’ have to a certain extent 
resulted in the production of strains with higher yield. 8nch secondary 
selections, as they are called, have Ix-en machi in cotton and in rice. When 
it is remembered that <‘haraetors which control \ icld ai'c polygenic, it is likelj'' 
that genetic variability in these characters is not fully cxploite<l by the breed¬ 
ing technique usually followecl as mentioned al>ove. Howeyer, it has to 
be stressed that selection for genetic purity reduces variability and makes 
the variety less adaptable to changing eon<liiions of environments which are 
beyond human control. To a certain extent vve have to consider the natural 
selecti\ o forces in operation and as it has been established t-ha.t nature does 
not favour one particular genotype, it is bettor not to bo very rigid in making 
selections. 


Plant Bbsisdiko 

In reality plant breeding is a develoyiment of evolutionary studies. 
It is in fact a practical experimentation of studying the evolutionary process. 
A newly evolved variety by breeding is the result of man’s interference by 
conscious selection in a variable population present in Nature or created arti¬ 
ficially by hybridization. This method of crop improvement is perhaps 
the only one “which makes no payment on the purse or the skill or the in- 
teUigence or on anj'thing more than obedience of the cultivator. It is there¬ 
fore the only one which requires no change in the general system of land 
management. The method is plant breeding” 

Sinoe 1900, after the re-discovery of MendePs Laws a lot of plant 
breeding 'vfmrk has been done in India and a number of improved varieties 
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have boon evolved. The beneiits of growing such improved varieties are 
now well understood and the need for better varieties are therefore always on 
the inei’case. All the world over, the development of knowledge in genetics 
is being aj)plied t-o prac;tical plant breeding and Vavilov rightly elevates < 
plant breeding to the rank of sef)arate discipline of biological soionco: 
“Because of the extent of ])raetical knowledge of the subject increasing 
from year to year and t he exc-lusively practical value of it in pedigree animal 
and plant production, breeding has, of necessity, become a special depart¬ 
ment of kno\\ ledge. So vast is the scope of classified knowledge which consti¬ 
tutes the study of plant cand animal breeding that it has to l)e treated sepa¬ 
rately as a special branch of science”. 

In the present day there is no lack of initial materials for advances in 
plant breeding. A co-operative cflort has been initiated by the FAO in the 
preparation of the world catalogue of genetic stocks in different crops 
like wheat, rice, foi-agc plants, etc., and it is to Hit*, advantage of the 
breeder to get the initial material by mutual exchange and perpetuate the 
materials. An example of further advancement in such co-operation is the 
recent PAO jirojcct of International Hico Hybridization 8chenio now in 
progress at Cuttack, 'ilie hybridization botweiui the juponica races and 
several regional varieties obtained fi'om the different jbidiect, growing coun¬ 
tries of South J']ast. Asia is being effected and the hybrid seeds are being 
sent to the dilTcrent regions for selection in the respective regions. The 
main object is to introduce the qualities of responsiveness to high levels of 
cultivation by manuring etc., as well as to inbrorlucc in varieties important 
agronomic characters as ilisease resistance, non-lodging straw, etc. I am 
sure international co-operation especially in the interchange of genetic stocks 
arul new material, will enhance the j>rogress of breeding in the different 
countries and will result in protluctive varieties. In this connection 
it may not be out of place to mention that atlvanccd countries like the U.S.A. 
Russia anil Australia have well organised Riant Introiluction Bureau. The 
establishment of a similar Bureau of Plant Introduction in India 
is long ovc*r due. This matler has been brought up to the notice of the 
authorities concerned often ami for want of ailccpiatc finances, the establish¬ 
ment of the Bureau is being postponed. Especially in view of increasing 
international cooperation in respect of interchange of plant materials, the 
advantage of establishing a Bureau cs|)ceially for a ooixntry of the size 
neeils no emphasis. The full a.ssessment and utility of the various genetic 
stocks in the ilifferent regions of India, will be facilitated by the fuctioning 
of such a Bureau. 


CONCliUSION 

A PLEA FOR FUNDAMENTAL RESEARCH IN GENETICS IN INDIA 

In spite of the rapid advances in genetics, the principles of which are 
directly applicable to the improvement of crop plants as well as in animal 
husbandry and even though the importance of the study of genetics has 
gained recognition in various countries, it is really regrettable to note that 
so far no serious endeavours have been made in the Universities in India 
for giving the subject the importance it deserves. As early as 1929 Mrs 
Gabrielle Howard in her address in the Section of Agriculture of the Indian 
Science Congress has not only stressed on the teaching of genetics in the 
Universities but has also expressed that this subject should be given the 
importance of separate section in the Indian Science Ckingress. The follow- 
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ing words of her address stiJl hold good though nearly 22 years have elapsed 
since then. “Up to the present, India has taken little or no part in the in¬ 
vestigations on which modern theories of heredity are founded and possesses 
no Institution where such fundamental work ca?i be carried out. The time 
has come when this lacuna should be filled. In the irnY)rovement of plants 
India stands second to none. There is no country in \vhi(*h greater economic 
results in plant-breeding }»ave been obtained -nor which is better ecpiipped 
with experimental stations for such investigations. The success of this part 
of the subject has, however, obscureil the fact that little or none of the funda¬ 
mental work on the theory of lieredity has been carried out in India. No 
university has as yet a chair or even a readership in Genetics. For the 
theoretical conceptions underlying the practical aspects of the subject we 
have to depend on the work of Kurope and America. As the years pass, 
it will be increasingly di Hi cult to maintain the economic woik at ils present 
level unless it is stabilised by a school of pure reseaix'h in the country itself. 
Such fundamental rc!3(‘arch cannot be carried out by the Agricultural Dejiart- 
ments or in any Institute devoted to economic aims. The inve.stigator in 
pure genetics must bo unlrammelled by the necessity of producing economic 
results and must not be limited to working oidy Avith cultivated plants.” 
The suggestion that genetics should form an important subject in the uni¬ 
versity teaching has been reitt'rated by Dr. iiurns and Dr. Pal elsewhere. 
The Indian Agricultural Itesearch Institute is perlia.jis the only Institute 
which is offering post-graduate tcaehing and research in genetics and plant 
breeding. Here the subject of genet ical ri'seai’t^h is restricted to sonic of 
the crop plants and most of the students Avho take to jiost-graduate training 
do not ordiriai'ily ha ve sufTicient knowledge of the fundamentals of genetics 
and after the post-gradu:ile course tliC 3 ’^ arc mostly engaged in plant breed 
institutions where there arc no cqui]Anient or the necessary incentives for 
gonctical research, because the objective is mainly for economic ends. 

I do not think wo sboAiUi in any way blame the universities because 
the conditions are such that it may not be possible for the universities to 
take up this subject without the jiroper facilities of land, equipment 
and qualified teachers. These are jncrhaps the practical difficulties Avhich the 
universities have to face Avith, in establishing a chair in genetics. 

The Agricultural Depatments of the various States have established a 
mirabcr of experimental research stations for the improvement of crops and 
most of these experimental stations are devottul to the breeding of better 
plants. It would therefore be a useful thing to utilise these experimental 
stations for providing facilities for fundamental research in genetics. In 
this connection Vavilov’s remarks are appropriate: 

“We are interested in the study of underlying principles of all aspects of gene¬ 
ral genetics: the problems of the geme, the theory of mutation, the theory 
of hybridization, and the problems of genetics. We are persuaded that 
more thorough research will afford fresh stimulus to breeding. On the strength 
of this conviction, laboratories for the study of genetics are being established at 
our breeding stations. At the same time general genetics will itself derive a 
strong stimulus from the practical work of breeding”. To make a begining 
I would suggest that such of those plant breeding stations now functioning 
in the country and which have facilities for genetical work should be given 
the necessary grants to provide a unit for the study of fundamental genetics 
because of the facilities available and these stations should be recognised 
by the universities or affiliated to the universities as centres of post-graduate 
research in genetics. If this is done, 1 am sure that rapid progress would 
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be made in the development of this subject in India. Ft is gratifying to note 
that the National Institute of Sciences in India has recognised the impor¬ 
tance of this study of futidariieiital genetics an<l that they are planning to 
advance funds for such of those research stations and universities as have 
the facilities to establish units for such research. In this connection it should 
be stressed that in the beginning we should not be worried over duplication 
of reseaixdi and I am sure of rapid advances in genetics and its application 
to agriciiltuix^ if we have sufficient number of research stations and uni¬ 
versities taking up this research. 
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SECTION OF PHYSIOLOGY 

PjttfiSIDBNT—Dll. N. I). Kbhab, M.Sc., Sc.D., 

Presidential Address 

THE PROBLEM OF ANIMAL NUTRITION AND ITS 
BEARING ON HUMAN WELFARE 

*^One can turn the cow into a giver of plenty instead of bei 7 ig the giver of 
scanty which owing to criminal negligence she has become to-day'*. 

Mahatma Gandhi, 

1 am deeply conscious of the honour you have conferred upon me by elect¬ 
ing me to preside over the deliberations of the Section of Physiology of the 
Indian Science Congress Association. It is a matter of supreme gratifi¬ 
cation for a research worker when his humble efforts in the cause of scienti¬ 
fic progress are appreciated by his colleagues and coworkers. This is per¬ 
haps the first time that a worker from the field of animal husbandry 
engaged on comparative physiology has been made the I’resident of tliis 
Section. May I take it to be a sign that Animal Husbandry in general and 
Animal Nutrition in particular is given the recognition th<at it deserved 
long ago. 

It must be conceded that next to air and water food is the chief item for 
the preservation of life in both man and animal. The primitiv’e man lived 
a strong and healthy life with a variety of nature’s bounties at his disposal. 
Likewise, Abraham did not worry about a balanced ration for his stock, 
as pasture grass from fertile soils provided all that was needed for maintain¬ 
ing normal health and milk production. But according to the basic principle 
enunciated by Malthus (1780), “there is no bound to the prolific nature in 
plants and animals but what is made by their crowding and interfering with 
each others means of subsistence”. Thus, in the course of centuries, the hu¬ 
man and animal population increased so much that the current production 
from the land fell short of the requirement. Anthropologists believe that 
preliterate and medieval populations were kept roughly constant by natural 
factors, like, famines, epidemics and wars. But now v'ith the rapid advances 
in the control of epidemics, the establishment of U.N.O. to settle conflicts 
of diverse nature by aibitration and the increase in life expectancy from 30 
in 16th century to 70 years (in U.S.A.), the food available per person has 
continued to decline. The world population increased nearly three-fold 
during the past 200 years, from 876 to 2400 million and is increasing at the 
rate of 26 ii^illion or 1.2 per cent per year. 

The current increase in world population i.e. 1.2% is not very different 
to that in India . In U.S.A., prior to 1900 A.D. the annual increase was 
fihout 3%, which is higher than in any Asiatic country. Due to increased 
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demand for food, most of the world’s ac;<T‘.ssible amide lanfl is being culti¬ 
vated for food production by rnoderji m(d hods. The present productive 
ceilings can be raised but subject to the “law of diminishing increments”. 
Europe Avas in the same crampefl positkm in the both century as India is 
now. But the discovery of America by Columbus-—a territory six times 
larger than Europe— along with the newly colonisofl areas like New Zealand, 
Australia an<l Si>uth Africa gave them the much needed area for expansion. 
Jijspito of all this Jolin Hoy<l Orr, the first Secretary General of P.A.O. re¬ 
marked that tw.>-thirds <>f the worhr.s ptjople were, ev^en before the war., 
undei tiouri.shed all the time. Norris .E. Dodd, Director General, E. A. O. 
has flirt hdr j)oin(ed out that, “tlie marginal millions do not get enough to 
eat, whicli means a race with death”. 

In India, which is chronically a food deficit country, where four-fifths of 
the cultivable laml Is still to dcficnd ux>on uncertain rainfall and where the 
productive cayiacit y of tht> laml is at a static stage and is adversely affeeted 
frequently either by .servere droughts or hoa^y floods, the problem of ade¬ 
quate supyily of foo<l has always been the cause of deep concern. This was 
further complicated by ilie .stopyiage of food irnpiorts from Burma and Indo 
China durintr the last glolial war. A fuither reduction in food supply was 
sustained by the jiarlition of the (*ountry in 1947, wdiereby the granary of 
the country went to Pakistan. These deep dents in the food supply sector 
attracted the attention of both the Cenlral and the State Governments 
and immediate sfejis were taken to make up the deficit by more intensive 
internal production. A Grow' More Food Campaign u'as started by princi¬ 
pally bringing more land under cultivation. But contrary to expectations 
the increase in food production could not keep pace with the increase in 
population. I’lie acute shortages of food existing even now have brought 
out*tho quo.stion that perhaps all is not well with our present production 
method. A number of point viz. the depicted condition of soil, use of 
inferior quality of seed, the vagaries of weather and difficulties in procure¬ 
ment have been cited from time to time as the causes, leading to the shortage 
of food. 


Vital. BOLE of livestock in aoricultifral operations—Efpioienoy 

OF ANIMAI. DETERMINES FOOD PRODUCTION 

In this address I shall like to focus attention on another important as¬ 
pect which is often h>st sight of, and which, to my mind, seems to play a 
vital role in the augmentation of food supyily in the country. I am referring 
here to the degenerated condition of our livestock specially the cattle and 
to stress that mal-nuti-ition is the greatest single factor in bringing about 
this degeneracy. 

From time immemorial, cattle and human beings have played an in¬ 
tegrated part in the production of food. Cattle is not only used in this 
country for ploughing the land but also in other agricultural operations, 
like, thrashing the corn, irrigating the field and also in carrying the agricul¬ 
tural products from the village to the market. The cows supply us "with the 
natural best food i.e. milk. In addition, cattle supply both dung and 
urine which, if propry composted and returned to the field, can bring new 
life to the soil. The annual returns from animal labour and animal roducts, 
according to Datta-, come to about Rs. 3000 crores. In spite of this vast 
contribution, it may be stre.ssed that these returns could have been much 
more, had the animals been w ell looked after so that the best in them could 
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have been brought out. Unfortunately, however, as will be detailed later, 
our livestock exist on retions bordering on starvation. This chronic mal- 
nutrtion has not only been rosj.)onsiblc for the puny size and unthrifty and 
unproductive nature of our cattle but has also made tliem easy prey to a 
number of diseases. A pair of Indian cat tle can j>lough on an avrago only 
10 acres of land w'hile the Egyptian bullocks arc able to jiroduce 7 times 
more work*. An average Indian cow produces only 413 lbs. of milk per 
lactation^, wlieroas, {corresponding figures for Switzerland, Holland, Denmark, 
United Kingdom and United States of Ameiica arc 0408, 7559. 7(X)5, 5576 
and 4126 pounds resijectively. 

Besides cattle, other livestock like goat, sheeyj and j)oultry also pro¬ 
duce milk, meat and eggs—valuable quality footls, whitch go to enrich 
the human diet. Due to lack of proper feeding these animals are also poor 
producers of their kind. 


FoOI> HBQUIBEMEKTS OF HUMAN BEINGS-THE TARGET—THE 

SII011T.40ES 

The effect of this degeneracy of our livestock on human food supply 
may now be fliscussed. 'The population in Imlia is increasing at the rate 
of 1.2% per year. Based on the pi-escnt number of 3(i0 millions heads, 
wo will have about 300 million adult units to be fed by 1958 during which the 
Five Year Flan is to oy>erate An Expert Committee consisting of nutrition 
workers in India has recently calculated the requir<*monts per head per day 
as given in I’able 1. 


Tabia: I 

.SliOWXNa TIJE 1>AIT,Y JUCQljlIlPJME^-'r PEIl AUVET 

ttnit of oifi'ehent cATPioouras ov fooi> .stuff 


1 Cereals 

14 o/^s. 

PulbCS 

H ozs. 

Vcf'ctahles 

10 ozs. 

Fruits 

ozs. 

Milk 

10 07:-.. 

Milk 

l(> OZ.s. 

SuRar or gur 

OZH. 

P''ats 

2 ozfi. 

FiKh or meat 

3 oz.«. 


One n ti 


The annual requirement in tons of cereals works out to bo 43 million; 
pulses, 9 million; vegetables, 30 million; fruits, 9 million; milk, 30 milllion; 
sugar or gur, 9 million; fat, 6 million; fish or meat, 9 million; besides 110 
thousand million eggs. 

The current production is low in all the catagories mentioned above. 
But it will be found that the availability of animal products falls far short 
of tl^e requirements. Thus, whereas cereal production amounts to 41 million 
tons that of milk is only 18 million tons and meat 0.8 million tons and of 
eggB only 2790 million. Out of the total milk produced, about 11 miUion 
tons are utilized in the manufocure of milk products like ghee, dahi and khoa 
etc. In other words, the consumption per adult unit per day of fluid milk 
is about 2 ozs., of meat ^ oz, and of eggs about 9 per year. 
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It is well recognised that a liberal supply of animal products for human 
consumption is of special importance for the jnaintouance and improve¬ 
ment of fiealth both because of their nutritive values and also because of their 
degree of acceptability in the diets of m<;*st peoples. Wills“ pointed out that 
a lack of animal ].)roteia is considered responsible for the occurrence of the 
syndrome variously referred to in Africa as “Kwasliiorkor”. Such cases of 
malignant malnutril.ion iire more common in peoples of the world who corf- 
sume diets ])rimarily of jilant origin. Morrison® stated that the protein of 
the cereal grains is of raiiier ]K)or tjuality. Maize is low in the two essen¬ 
tial amino a<M<ls, namely, lysine and trypto[)hane. To a somewhat lesser 
degree, this is talso true of oats. Wheat and barley are deficient in lysine. 

We know that, in general, mixtures of proteins of animal and plant 
sources provide a more ellicient amino acid mixture than the latter alone. 
Consumption of animal protein* lias often been ix*garded as an excellent index 
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Fig. 1 

of the state of nutrition, not only, because they contribute to the .diet, 
amino acids most likely to be lacking in vegetable protein, i.e. lysine, 
methionine, threonine and tryptophane but also because consumption of 
animal protein generally varies in the same direction as the consumption of 
jB-vitamins and most of the minerals. Milk seems to be the most economical 
supplement to food of plant origin because it contains the limiting amino 
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acids and B viamins, including Bis- Its slightly soluble carbohydrate, 
lactose, passes into the intestine providing a favourable medium for vitamin 
B synthesis and promotes assimilation of calcium and ^)ho8phoru8. Further 
milk is of special importance in the nutrition of infants, children and pre¬ 
gnant and nursing women, Yet milk is one of the very commodities being 
available to the extent of only about 2 to 3 oz. per head per day Datar 
Singh* remarkc'l that milk is more expensive in India than anywhere else 
in the world. (Ihoe (<;laritiod melted butter) htis been considered as a 
.super.or fat to crude, refined or hydrogenated vegetable oils or lard. 

In regard to the minimum and optimum allowance of animal protein 
per person per day for mainttiining normal health tliere is no general agree¬ 
ment among nutrition experts. An indication of the extent to which diets 
are deficient may be gained by using a comparison suggested by Mori’is^*. 
He used 70 gms. total protein and 33 grn. animal protein as optimum levels 
of intake. These lev'cls have also been recommended by the United States 
National Rosoaroh Council. According to this stafidard the availability 
of animal protein in liiflia per per.son per day falls far below the requirement, 
being only 5.S gm^'*. (Fig. I) 

According to the data collected by the F.A.O,.. it has been estimated that 
except Indonesia and (.’hina the animal protein available in India per head 
per day is least v hen compared with 58 other countries of the world from 
where statistical information is available. 

Further, tiie valuable data collected by the F.A.O. show.s how consump¬ 
tion of food ol animal origin declines rapidly with decline in the fertility of 
land and per capita income of a country. For iii.st'ance 25’},', of the <lietary 
calories are obtained from food of animal origin in prosperous U.S.A., Aus¬ 
tralia and Ncav Z<*aland; in less prosperous Europe and in mo.st of South 

America; and ojily 2*7 in ecuiiomioally poor Asia. Table 11 shows avail¬ 
able protein (total and of animal origin) in relation to calories in several 
different countries. 


'1\\ n 1 K II 

INU AVA11..A.UCK i»noTb;i>. (total «iul of iuiiniitl origin) jx tki.aTion to 

<'AI.OKrKS 


Available fooil supplies i>er pcr-stui per <U»y 


Country 

Calorics 

'J^otal pro¬ 

Animal 



tein gin. 

pi‘otein 




gin. 

New ZeiilHufl 

3249 

96.3 

65.1 

Australia 

3165 

95.1 

64.5 

UiiJtrcl States 

3128 

90.2 

59.6 

Canada 

3062 

92.3 

56.8 

Switzerland 

3096 

93.7 

49.5 

United Kingdom 

3030 

90.5 

45.2 

France 

2740 

08.9 

38.9 

Burma 

1937 

66.5 

27.7 

Pakistan 

2028 

63.9 

12.7 

Ceylon 

1918 

43.2 

10.6 

Japan 

1834 

49.6 

7.8 

India 

1621 

42.5 

5.8 


B12 
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There is ample evidence to sh<'>w’ ll)at unless properly balanced diet is 
available, normal levels of growth cannot be attained. MoCay et al 
found that there is a direct relation b<;lween growth rate and life span and 
that on a diet deficient in one or more nutrients the animals show a retarded 
growth and may die prematurely. When the growth rate and life span 
of mice kept under uniform conditions of diet was compared, it was found^’^ 
that animals having a rapid growth livtfd on an average longer than thoiJe 
which grew' mor(' slowly. These observ'ations indicate that a high quality 
diet adequate in all essential nutrients, exercises an important influence on 
life span. Such observations show the influence of the dietary regimen in 
early life upon the subsequent evclopment of disease and lienee ujion tlie life 
span. Tannenhauud'^ has remarked that if observations on rats can. to any 
extent, be applied to man, a high (piality fliot. adeipiate in all essential nutii- 
ents, with moderate restrictions of caloric intake tends to cxtciul life span. 

Inspite of tlie above knowledge being available about the indispejisabi- 
lity of animal products for human w'elfare it is noticed t hat, w'hile most of 
the efforts of the Grow More Food Campaign have been directed towards 
meeting the 5 to 10‘\", deficit in ciMcal grains, not much attention is being 
given to improve the supplies of “quality foods” viz. those of animal origin. 


Indian catti.jc posses.s iiioii pnonncTioN potentiauity 

It has been found by repcate*! experiments that when jiroper attention 
is given to supply the lialant'ed ration to animals in India, their producti¬ 
vity is increased immediately. Thus ilu; milk yield may bo augmented by 
50 to 90 7 jer t ent^'b-” ami egg yield by 100 per cent‘^^ tbiough jjroper feeding 
alonti. Not much w ork has yet been carrietl out in India on the imiirovoment 
of meat pr</ductiori through jiropiu’ footling. The Izatnagar findings, how¬ 
ever, sliow' that by incorjiorating adequate quaul ilit'.'j of vitamin A in tlie 
diet of shec'j) the weight of the animal is 22 inereasofi by 50 to 70 per cent. 

It is true that scientific feedings alone will not meet the total shortages 
in the supply of animal products. If, however, the jiioductivo capacity t>f 
the Indian liv'estotk is to be iiicreaset] the first essential course should be 
their prtqK'r rehabilitation through feeding and management. When that 
has been achieved, the stock can then be progrcssibc'ly improved upi>n by 
sound breeding policy. If, however, breeding w'ork is taken at first as was 
envisaged in some of the jirojocts w'e may be jilacecl in a position w'herc 
improved i>rogeuies may deteriorate rapidly tbrougl) want of adequate 
feeding. 


Scarcity ok nuAuaHT animals 

So long W'C have been discussing the direct contribution of livestock in 
supplying human foods, the indii'cct contribution is of similar and even grea¬ 
ter importance. The net area cultivated in India has been raised from 228 
million acres in 1940-47 to 251 million acres in 1950-51; yet the total food 
grains including pulses produced has remained more or less stationary at 
about 40 million tons. Unfavourable weather conditions, lack of rain in some 
places and floods at others have been given as causes for this lack in increase. 
But to my mind a major factor appears to be the shortage of working bullocks. 
India possesses about 60 million bullocks of over 3 years age. BuiFalo bulls 
have been left out as they have much lower efficiency for doing out¬ 
door work.®* Out of this number 54 million are found in the rural areas. 



7 


Section 11 .• Physiology 

Leaving aside 1 million breeding bulls, the number which can be utilised for 
working purposes is 53 million. It has been estimated that 10 per cent of 
these are unfit for work <liic to old age or diseased conditions. The net 
number of working bullocks comes out to about 48 million. Since a pair 
of Indian bullocks can plough only 10 acreas of land, the number of working 
bullocks, if totally employed, can cultivate only 240 million acres. It will, 
therefore, be seen that though the available nurTiber of working bullocks 
was just suliieierit in 104(5-47, this number ha.s been totally insufficient for 
ploughing the 251 million acres in 1050-51. It will theiWtrre boa nu>ot 
question whether it is possible to increase the acreage under our present 
condition of animal husbandry. 

By supi>lying proper food it is possible to increase the efficiency of our 
existing stocik of w'orking bullocks by at least 20 pt^r cent. Under such 
conditions the present number of bullocks, without undergoing any long 
term genetical improvement, can easily plough over 276 million acres. This 
scarcity in W’orking bulls, which form the backbone of Iirdian agriculture, 
is reflected in tht‘ soaring prices of such category of animrds. In Delhi a 
a pair plough bullocks, which used to cost Rs. 101 in 1039 were being sold 
at Rs. 1231 in 1947. In Madras conesponding prices Avere K.S. 175 and 
R.S. 1300 resp<5ctively. On account of t.his scarcity and high pri<*es of plough 
bulloc’ks it is being advocated that cows speciiilly <lry coaas may be used for 
this purpose. 


LrMITATIOjNS OF TRACTORS FOR AORICCnTI■ KAR OPERATIONS 

Krom other quarters, an intensive use of tractors for tilling the land 
i.s being urged. There is no doubt that' for large scale deforestation and 
rehabilitation, tractors can do etK>rmous srviccs. After examining the 
limitations in the use of tractors Acock^* fouiul that eA^en though there has 
been a rai)id increase in the number of ti’actors since the early part of this 
century, over 85 of the th-aught poAAor usc<l in farming operations in the 
w l)ole world is still provided by animals. lender the Indian system of agri¬ 
culture with its conqdicated land tenancy structure, fragmentation of the 
(sdtivable area, difficulty in the availability of spare parts, it is doubtfid 
lioAv far the routine use of tractors, even if they can he used, wdll be econo¬ 
mical. Moreover when the tractors arc used it is nec-essary to add artificial 
manure in order to maintain the productivity of the soil. In the catte, 
however, wc have nature’s own manure fact<jry. A r-ow weighing 800 Ites. 
excretes about 6000 ttis. of urine and 16000 tbs of flung annually. By 
making use of the coarse roughages cattle give out in their excreta, large 
quantities of nitrogen, potassium and humus which go to enrich the soil. 


Cattle ani> hitman bbinos—relation of interdependence 

NOT OF COMPETITION 

The intimate relation which exists between man, soil and animal was 
ref'ognised long ago by the ancient cultivators and it is for this reason that 
cow had been held in great reference in India from time immemorial. This 
integrated relation betAvepn cattle and man is also reflected in another w'ay. 
It has often puzzled some economists as to why there is ahvays a bigger con¬ 
centration of cattle in areas of India w’here the human population is also 
dense. If cattle and men were competing for the available land, the pressure 
pf human population would have thinned out the cattle population. 
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Contrary to the belief that the livestock compete with men for the avail¬ 
able food, the ruminants harvest the vegetal ion on marginal land not suitable 
for cultivation, and consume high cellulose feeds like hay, straw, bran and 
husks which are not /juitable as food ff)r man. Pigs and poultry utilise 
kitchen and farm wastes that have; nutritional value and yet not edible by 
man, and convert it into highly prized human foods. These animals, there¬ 
fore, are not only u.seful as scavengers but also as converters and refiners of 
inedible foods into products of high nutritional value. Moreover as Phillips’"* 
has stated that farm animals serve as ‘‘shock abscjrbcrs'’ consuming surplus 
grass and grain in pcriod.s of abundance and provide A>od tor man in lean 
years. This interdependence of one specues on the other can, ' thus easily 
explain the ])aradox of co-existence and it folows as a carrollary that improve¬ 
ment in the statics of one sjiecies will be reflected in the other. 

During the last few decades, however, the blind urge to produce some 
bulky food to appease the hunger of the growing population had letl to the 
encroachment of grazing fields and to felling of trees {>n a large scale to 
provide for growing cereal grains. The by-products of such crops have 
very little feeding value and the loss of grasslands has led to the deterioration 
of feeding standards of the cattle, resulting in a decline of their productivity. 
The scarcity of fuel wood has led to the use of cattle dung as fuel, thereby 
ilepriving the soil of useful manure. This vicious circle has thus been created 
giving the present picture of de})leted land, weak cat lie and semi starved 
human beings. 


MAON'lTrOK OF LIVESTOCK AND POUI.TRV POPOEATION AND 
AVA USABILITY OF FEEDS 

SufReient arguments have been adduced and dat* inar.shallcd to y>oint 
out the fact that improvement in human foorl productitm is dependent 
to a great extent on the improv'^cment of the feeiling standard of our animals, 
particularly cattle. A few more facts about our animal population and 
their feed requirement are being given now to show the huge disparity 
between the availability and the target for minimum reiiuireraent. 

According to the 1951 Livestock anil Poultry census India possesses 
60 million bulls, 48.5 million cow.s and 41 million young stock. Moreover, 
there are 0.8 million buflalo bulls. 21 million female bufraioe,s and 14.5 inillon 
young stock under three years of age. In adilition, there are 40 million 
sheep, 47 million goats, 1.5 million horses and mules, one million donkeys, 
4 million pigs, 70 million poultry and half a million camels. The magnitude 
of the livestock population can be judged when it is stated that the bovine 
population is almost equal to that in the whole of Australia, Newzealand, 
North America and fCurope (excluding Kuasia) put together. 

In attempting to as.sess the availability of animal feeds in this country, 
it becomes clear that in the absence of basic data, which is wanting at pre¬ 
sent it is not possible to arrive at an accurate estimate of supplies. All 
that is possible is an a]»proximation. 

Out ol the 251 million net acres sown, only about 2 million acres are 
kept apart for growing fodder crops. Besides this, it is assumed that for graz¬ 
ing on grasses grown during the monsoon on the road side, canal banks and 
current fallows livestock receiveil their full maintenance for three months 
in the year and half the maintenance ration for another three months. 
In addition, it is the practice tp allow the young calves to suckle one teat of* 
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its dam for 2-3 months- The milk which is allowed for calf feeding may, 
therefore, be assumed to be one fourth of the production for 3 months that 
is about one million tons. The rest of the food available is obtained from the 
byproducts of the crop processings, such as straw, oil cake, bran, pulse 
husk and cottoii 80 c<l etc. Tiie feeds available from various organized sources 
in million tons are shown in Table III. 


Tab/.k III 


- 

1 

Available 
feeds On 
dry iiiattcu* 
ba.<»i.s 

in million tons 

Dipestible 

protein 

s 

iStarelv 

equivalent 

Fodder erop 


:^f>. 1 

1 .S 

IS.O 

Orasse.4 

Straw 


O 

: i . 4 

0 . 5 

3 :t . 0 

23,3 

Oilfiikcs 



o .\) 

2.1 

l^ran 


1 .r> 

0. J 

0.8 

Pulse (liusk and 

eliuid) 

l . 5 

f>. 1 

0.7 

(Vitlnii sc'od 


1 .-4 

U. 2 

1.0 

Milk (t‘onsiinietl 
as fluid 

by eaUes) 

1 .0 


0.i> 

^rolal 



7.0 

70.5 


Tn calculating the requircmeait of <‘attlc it may i)e assumed that 40 per 
cent of cows nre in milk and are jn’oducing, on an average, r>fbs. milk per 
COAV and 10 lbs. of milk per buihdo cow per day, the calves are gaining at 
the rate of Itb. a rlay anrl the bullocks work at the rate of 4 hours ii day. 
According to these assumptions, the total annual re(|uircmei)t for our bovine 
stock would be 20 million tons of digestible crude protein and 206 million 
tons of starch equivalent. It may be meritionofl here that these figui-es are 
based on ealeulat-ions acetmling to the Western data. Wt)rk carried out 
at Izatnagar by Kehar and Mukherjee*® has shown that the maintenance 
requirement of Indian eattc is 2o per cent less than that advocatecl by Morri¬ 
son. Against this fact, it may, howevci', be pointed out that in the Hho\e 
calculations, the rotpiirements of otht‘r type of livestock like sheep and goat, 
horses, poultx*y, pigs etc. hav'e not been taken into consideration. It is true 
that xmder our present systciu, sheep, goat, poultry and pigs maintain them¬ 
selves solely on what they can get from from grazing and ftjraging, but if 
we are to utilize these animals and brids to the maximum extent they also 
must be fed properly. Taking all the facts into eonsixleration, the target 
requirements for livestock ma^'^ bo ke])t at 30 million tons of the digestible 
crude protein and 210 million tons of starch equivalent. This means that 
the available supply of digestible crude protein and .starch e(piiv’’alent from 
our organised sources is 23 jier cent and 38 per cent of the requirerl 
amount. No w’onder that our cattle arc stunted and low ]>ro<lueers. 

Ways ani> means to up the gap 

At first sight it may appear that it is impossible to gain self-suflSciency 
in animal feeds. In fact some economists have advocated that cattle may 
be slaughtered wholesale and the very best amongst them maintained so that 
the available feed supply majjr suffice for them. This point of view is based 
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on the. theory that rattle and human beings are in competition for the avail¬ 
able land. II has however, already b<‘en pointed out that an integrated 
relation exists b<*t.wecn man and cattle in India and that the existing number 
of cattle except the non-pi'oduciiur and decrepit cannot be reduced without 
effecting human food profluetioji. On the other hand, it is not possible 
to maintain livc'slock on luiiuan food by-prodticts alone. 8ome-land will 
have to be diverted for growing cattle fodder. I'he question is, whether, 
that is at all pofsible in India. In the following paragraphs £ will attempt 
to show that w'itli an inten.siv'e effort and well-coortlinatctl ])olicy, India 
can have .snflicient food for both human l)eings and livestock. 

(a) Optim.utn nsr of oraifahle cidiivabJe laml 

'The net area in India und<*r principal food grain.s is, at present, about 
178 million acres. By reclaiming about 22 million acres of cultivable Avaste 
land, the total area t-an l>o incresed to 200 mllli»)n acres. Further, most of 
the land is cadtivated only once in the year. But by suitable irrigation 
measures in w hi<‘h the innlt i-]uirpose big dam constructions are sure to jday 
a prominent i'<»le. half of this area can be brought unrler plough more than 
once. The total area availa.bJi^ Avill then he 200 acres. Besides these, there 
are about. 50 million acres devoted to cash crops lik(^ cotton, jute, tea, tobacc.o 
etc. and anotluM- 50 million acres are kept apart as current fallows. Out of 
this net total of 4<M) uiilliou acres, 200 million acres can be allotted for grow¬ 
ing tercals and ]nil.ses. According to Nair'^® an acre of lantl which used to pro¬ 
duce 0 to 10 mds. of w heat, and about 200 maunds of potatoes now j|>roduccs 
iiialer the Ktawah iuniti-]>urpose community project 20-35 mds. of wheat 
and 000 to 700 jiids. of pot^ltoes. With the initiation of 52 (iommimity 
pnyt'-cts ami 20 dcv<*lopnu‘nt blocks sprt‘ad over the. length ami breadth of 
the. country and with improAod seed and water and manure supply, this 
urea will he siiflici<“t)t to prewide human foorl grains even after keey)ing apart 
some for see<l pur])oscs. If 70 million acre.s more are intensively cultivated 
they will ])ro\ ide sntficient oil seeds to supply the human requirement of 
fat and will also helj) in a larger way to meet shortage of coeentrates for 
animals. Ff)r the reiiiaiiiing cash crops a trhal area of 30 million acres may 
be sufljciciit. K.<>oping apart 15 million acres for vegetables and fruits w'e 
are IcTt with S.") million acres (out of w Inch 50 million acres arc current fallows) 
which should be kcj)t for growing bnlder crops. 

(b) Fodder crop-grain, rotation increases yield. 

Tile utilization of current fallows for growig fodder crops especially 
legumes is a sou ml policy as this not only supplies the urgently needed animal 
feeds but. it has been repeaterlly show'ii that a grass-grain rotation increases 
the yield fd’ grain considerably. The folkiwing illustration may serve to 
bilng out this fioint more clearly . Tlie present average yield of wlteat per 
aero in India is.600 His. A cultivator possessing 3 acres of land will, 
therefore, he growing 1800 tbs of wheat anrl 3600 lbs. of wheat bhoosa. Ix>av- 
ing aside 180 lbs. of grains for seed purpo.ses, the rest will be sufficient for a 
family consisting of 4 adult units on the basi.s of 1 Jb. per head per day and 
will leave a surplus of 180 tbs. which AAhen sold will bring very little cash 
for purchasing the other necessities of life The wheat bhoosa produced 
will proA’^ide. sufficient maintenance roughage only for months for one bull 
and the wheat bran obtained will provide necessary proteins for 20 days only 
Assuming that the animal was getting 4^ months maintenance ration £rom 
grazing, it follows that from the by-products from 3 acres of land it will 
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be possible to provide the roughage requirement for one year and protein 
requirement for 5 months in the year only for one bullock. It may be 
noticed tliat no provision for work production can be made out of the 
available feeds. 

On the other hand, it has been shown at the Indian Agricultural Research 
Institute, New-Delhi, that wheat grown aftei- berseem gives an yield of 1200 
lbs. of grain and 2400 lbs. of straw jjer acre in a three vear rotation process. 
Therefore, 2 acres of wheat will give 2400 lbs. of grain and 4800 of straw 
while the remaining acre will give over 40,0t)0 lbs. of green benseein. Thus, 
not only, there will be more grain grown fui less land allowing the eiiltivaLor 
to sell more wheat, but the berseem and by-products of wlieat plus only 
a small quantity of concentrate will bo able to maintain not only two bullocks 
for medium work but also a cow giving o lbs. of milk duil,\'. The oflficitincy 
and economical side of mixed farming thus-beeonu s apparemt. 

Time—an imporlani factor. Tlu^ evolution of a mixed agricultural 
policy is, howeva'f, likely to take sometime t«> dcwelop. Quest ions of 
legislation, consolidation of fi’ugjiiented holdings. siip})ly of iri igation water, 
production of improved sec’‘cls for human tbod and cattle foddei’ plants 
—all this c-ornos under a long tejin [lolicy. That our (}i>verniuent is conscious 
of their urgency is apparent from the midti-jujrpose ])r()jec.ts which have 
been set afoot. Rut in ibe following i>aragraphs vve may point out certain 
steps, Avhich can be immediately taken to augment the food supply of the 
country aiul tlu*refore mitigate*, to some extent, the elfeet of acute .shortages. 


(c) Suhaidiary feeds 

Tlici Animal Nutrilicui Division of Indian Veterinary Rc'seareh Instil.utc 
Tzatnagar realizc-d the urgency of the provision of more feofls for tJie lives¬ 
tock and since 1940 investigations hav'c been in prugr(\sK to discover now 
feeds for animals from, hitherto, unlapperl sources. A number of substances, 
which were going waste, have ben utili.sed and the ff)llowing liavo been found 
useful after proper processing 

(1) Wild grasses like Kans-^ (Raechariim spontaneum) ami Muuj^* 
(Saccharum munj) have been found to fo7'm a maintenance lation by them¬ 
selves when cut at the pre-flowering stage Kven at the ripe stage these 
grasses when mixed with molasses can be fed profitably. 

(2) Mangoseed kernel^®, ,Taman seed^®, Tainai-ind seed-'’^ fish meal*® 
and entrails®* from slaughter houses, <‘assia tora seetl®^, rain ti’ce fruit®® can 
be utilized to supply valuable concentrates, which can bo used to replace 
Bubsantial part of gra inmixturo in a producing ration. 

Besides these, sugar cane tops®® Mahua flowers®' bajra husk®* and jowar 
husk, Kantiara®® etc. etc. which are being wasted now, have been shown 
to possess substantial nut.ritive value. If ways and means can be found out 
to impress upon the cultivators about the utility of these substances as cattle 
feeds and the resultant profit in the form of better wt>rk and more milk pro¬ 
duction, there is not doubt that, these substances which are being wasted 
now can be profitably used. The extent of ocurrence of such materials 
can be gauged from the fact that from these sources about 11 million tons of 
concentrate feeds and 300 million tons of roughage providing 4.8 million 
tons of digestible crude protein and 26.5 million tons of starch equivalent, 
worth several hundred crores of rupees will become* available every year. 
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(rl) Cse of nitrogenous foo'l‘^ like urea antt food i/f"ist to replace concentrates. 

Modern adv;iiiceH in cdicmieal and food technology can also be utilised 
to some extent lor meeting the food shortage. Tt has been found out that 
ruminants can utilise simple nitrogenous compounds to synthesise, a part 
of their protein requirements, so that compounds like urea can replace a 
substantial proportion of costly protein food in eattkj ration. The probldbi 
of utilising the molases produced in sugar factories is an ui'gcnt one. Efforts 
have been made to ft^ed molasses mixed witdi bagassee screenings*” and such 
a mixture has been found to be useful in supplying the enei-gy needs of a 
working bullock**. A better procedure will be to utilise the molasses in 
the preparation of food yeast—a highly nitrogenous protein food which 
can be extensively used for cattle ration. 


. (e) Presercation of surplus (jrasse'< us silage. 

Inttlc interest has been shown in India in peserving surplus grass 
either as hay or silage. The dearth of pasture land is perhaps one of the 
main causes. However, during the monsoon weather there is abuiulancc 
of green fodder. Hay making at this stage is Avell nigh impossible 
due to adv'erse a\ eat her con<Utions. 13y the time the monsoon is over, the 
grasses reach a late stage of maturity, when their nutritive value is very 
low*’-*. If, however, the grass ean bo cut at the pre-flowering stage and en¬ 
siled, its nutritive value ean be maintained and the silage can be fed during 
late winter and summer months when green feeds tire s<v\Tee. Fodfler crops 
like jowar can also be ensilecl t.c> ]irovide sueelucnt fcieds during these dry 
periods. 

The term ensilage is connected in the mind of many people with 
expeftsive concrete silo towers, efficient chaff cutters ami plenty of 
man and machine power. Tt has, how<‘vcr, been shovvn*^ jit the Animal 
Nutrition Laboratories at l/,atnagar that good quality silage can also be 
prepared in an ordinary manner and a small size silo pit of 8'xo'x4' dimen¬ 
sions can be used to ensile KKI mds. of green fodder. Such a pit can be 
easily-dug and filled in 4-0 days by 2 men only and the silage made meets 
I’equireraents of 2 bullocks for 2 montlis. Hence, with such twt) pits, the 
worst period of the year when succulent forlder is not available from the 
field can be tided over. It is oonsidere^l that for ensiling jo\var anfl other 
coarse fcwlders the use of a chaff cutter is ^'ery helpful. But the persons who 
do not possess such a machine, can yet make silage from other materials. 
It has been found out by us that shed tree leaves when mixed with berseem 
or lucerne** or other leguminous fodders anti ensiled yield a product which 
is highly palatable ami forms a maintenance ration by itself. Roughages 
like rice straw etc. can also be imporved by ensilage with leguminous 
fodders. 

Silage feeding is also beneficial for preventing some deficiency diseases 
if properly ensiled. Green fodders preserve their carotene content to a large 
extent so that good quality silages are rich source of vitamin A. Avitamino¬ 
sis—A in cattle is widespread in India and night-blindness has been reported 
from all the states of India. Blindness in calves is also quite prevalent es¬ 
pecially in the urban areas. A good proportion of calf mortality is suspected 
to be due to a shortage of supply of vitamin A to the dams. The quantity 
and quality of milk is also seriously affected. These factors are not asto¬ 
nishing when it is remembered that our cattle generally receive green feed 
for about 3 months in the year i.e. during the monsoon months. In the rest 
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of the year they get straws or hays which contain little or no carotene. 'Hie 
silage feeding for maintaining health and efficiency is of urgent necessity. 
With proper demonstrations and advice it is felt that silage making both 
on a snail or large scale may be made popular throughout the country. 

(f) Tree leaves as fodder. 

Another important source of feeds are the tree leaves. These are gene¬ 
rally recognised as scarcity fodders; but extensive investigations'^*’ carried 
out at the Animal Nutrition Tjaboratorios, Izatnagar have shown that many 
trees supply fodder whicli can maintain cattle without any further or very 
little addition of t^onceritrate. It has liirther been demonstrated that 
mature trees can be lopped periodically witliout doing much damage to the 
trees so that a large bulk of fodder that has not yet been’'taken advantage 
of can bo made available throughout tlie year. There is a wide scope of 
extending this source of fodder supply. Waste lands, canal banks, and road 
sides may be planted with fodder trees. In addition to suj)plying iodder, 
the lopped off branches may be used as fuel, so that a good pi*oj)ortiori of cow 
dung which is being wasted as fuel can be conserv’^ed and used as a mamire. 
In passing, it may also be stressed that tree leaves are a good source of vita¬ 
min A sujiply. 

(g) Proper use of forest grass. 

The utilization of forest grasses through grazing or liay making has been 
attracting the attention of animal husbandry workers for a long time. 1 here 
is no doubt that a large amount of grass is available in the forest areas, but 
most of it cannot bo used at tJie present moment. The fringes of the forests 
are over-grazed. Attempts are now being made by fixe lorest llepartmciits 
of several states to bring about improvement by nxtational grazing, by limit¬ 
ing the number of cattle by closure during eertain seasons oi the year etc. 
It has aLso been advocated that such areas may be kept apart for good t 3 rpo 
of cattle and one of the future policies ol the (:}oveminent is to x'cmove dry 
cattle to forest areas wdicre they can be maintained at a cheap cost and to 
send them back to urban areas when they are in an a<lvaneed stage of pre¬ 
gnancy. 

Preservation of forest grasses as hay has also been^ rccommeded. I 
am, however, afraid that this policy will be hardly economical on account of 
the difficulties of cutting at the time when the mitrionts are at their optimum 
level and also of labour and high transport charges. 1 may suggest that 
sheep and goat keeping on a commercial basis may be practised near the 
forest areas and tree leaves and forest grasses may be more effectively us 
for producing meat which can be transported to distant areas with greater 
ease. 

(h) ImprovemeTit of grassland to augment human and anirmtl food. 

It is well recognised that in India there are no proper type of pastures. 
Sut if animals are to give the maximum return at the lowest cost, proper 
attention should‘be given for the development of improved grasslands how* 
ever small may be their dimensions. 

Qrass as used in the broad sense include legumes and other herbages. 
The first essential in the diet of a herbivora is a food which has bulk os well 
as high food value. A mixed pasture provides these requitites and consti¬ 
tutes the best and cheapest food for maintaining livestock in normal health 

B13 
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and growth as also for the prcxiuction of reasonable quantity of milk. In 
Norway 50 per cent of the feed consumed by livestock consists of pasture 
herbages. Likewise, in Finland 02%, m Holland 80% and in U.S.A. 
51 per cent of the nutrients are derived from hay and pasture. 8emple** 
points out that in North West United States t:ow>s with a resonable high 
level of production are maintained on good summer pastures without con¬ 
centrates. * 

The fumlaTnental liiblical truth that “all flesh is grass” holds good today 
as in the jiast with probably a sliglit addition that ‘all flesh and milk is grass’. 

The available pastures should bo improved by utilising existing scienti¬ 
fic information with regard to reseeding, top dressing with nutrients like 
phosj)hate, cahiium or f.race minerals as are deficient in particular areas, 
control of grazing* water conservation measures, burning hard stumps, modi¬ 
fication of flora and control of unsuitable plant species. Such attempts 
may be made singly or in combination towards increasing tlic output of phant 
nutrients and hence of livestock proflucts from a given area of land. By 
adoj)ting some of these methods grass production in certain pastures increased 
by 50-70 per cent in Oklahama and Montana in U.S.A. an<l in Australia. 

Scars*’ reported that in Newzealand encourtigement in developing 
mixed pastures of grass and clover doubled the i)ercentage of protein and 
increased the grass production by six times. Thus, by undcrtalcing nation¬ 
wide programme of exciellent research and its application, the people of 
Newzealand have shown the remarkable possibility of increasing food pro¬ 
duction by improving both natural and cultivated pastures. Those exam¬ 
ples indicate the extent to which grass land may be more effectively 
utilised, to meet man’s needs for animal products. 

Besides the u.sefulness of grass in increasing food production, it is one 
of the most important factors in soil buihling. It has been shown that soil 
formed under grass is not only rich in humus and nitrogen but is protected 
against erosion by wind and rain. 

Difficult as this task may appear, it cannot be considered unsurmount- 
able becaiuse of the remarkable characteristic of grass and legumes to colo¬ 
nise the most unpromising land which are unsuitable for crops due to high 
alkalinity or acidity as well as lands which are too rough or stony for cul¬ 
tivation. Since grass grow's so rapidly under a wide variety of conditions 
areas of land w'hich are otherwise unproductive should be developed as graz¬ 
ing areas to augment focxl production. 

Grasses have also been reported to play an important part in soil sani¬ 
tation. If cereals alone arc grown on a particular land repeatedly, they 
often become more susceptible to pathological fungi and bacteria. A proper 
rotation of legumes and grain provides unfavourable environment to 
these organism. 

Experiments carried out at the Cornell Agricultural Experimental 
Stations have shown that the digestible nutrients cost twice as much in hay, 

3 times in hay silage and six times as much in grains and commercial by 
products as the digestible nutrients in pasture. 

LlMITEn FACILITIES FOB AnIMAL NuTBITION BeSBABOH- 

Need fob expansion 

The value of research work for utilizing all the available feeds to the 
maximum benefit cannot be over-rated. Balanced feeding is not only 
essential in getting be.st out of the animal but also helps in preventing 
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unnecessarywastages. Animal nutrition research in India is of fairly recent 
origin and facilities for extending the scope of fundamental and applied 
research are extremely limited in relation to the vastnoss and significance of 
this problem. 

The history of systematic research in Animal Nutrition in India dates 
back to the year 1921, when Dr. Warch, the Physiological Chemist initiated 
work on the chemical composition and nutritive ^-ahie of animal feeds at the 
Indian Agricultural Research Institute, Pusa. In 1923, the section was trans¬ 
ferred to Bangalore, where it formed oru) of tlie two wings of the newly orga¬ 
nized Indian Institute of Animal Husbandry and Dairying. Besides the 
nutritive value of some fo<lders he also worked on the acid, base, nitrogen, 
sulphur, calcium and phosphorus balances of cattle kept on different typos 
of feeds. 

A contemporary group of workers led by Dr. Lander started work in 
1923 at Lyallpur and collected a mass of information on the nutritive value 
of various North Tn<lian feeds. Dr. Lander was the first person in India to 
stress that the nutritive value of a fodder is dependent to a great extent 
on the soil on which it is grown. After tlie retirement of Dr. Lauder in 1946 
the torch lit up by him has been kept alight by his talented c.olleague Dr. 
Lalchand Dharmani, first at Lalpur and then after jiartition at Ludhiana. 

Dr. Warth retired in 1935 and the section was transferred! in 1936 by 
the Government of India to Izatnagar to form the nucleus of the Central 
Animal Nutrition Institute under the administrative control of the Director 
I.V.R.I. Dr. K. C. Sen was appointed to hold charge of the Division and 
under his able management research investigations on Physiological, Bio¬ 
chemical and Pathological aspects of Animal Nutrition were taken on hand. 
After Dr. Sen’s appointment as Director, Indian Dairy Research Institute, 
Bangalore in 1944, 3 took charge of the Division of Animal Nutrition. Since 
then besides being an All India Centre for training in Animal Physiology its 
activities have been extended in several other directions. 

In Addition to these centres of multi-purpose research, work on dif¬ 
ferent aspects of animal nutrition, chiefly of local interest was carried oti at 
a few places under the auspices of the I.C.A.R. which was established in 1929 
as a r^ult of the recommendations of the Royal Comission on Agriculture. 
In the early thirtys, work on the nutritive value of paddy straw was started 
in Dacca, Bengal and its poor nutritive quality was brought to light by 
Chatterji and Associates. Similarly, investigations on the chemical composi¬ 
tion of indigenous fodders at Coimbatore initiated about the same time by 
Ramiah and Associates showed a low phosphorus content in many of these 
forages. Some work on the mineral content of grasses of Bihar was under¬ 
taken in Sabour, Bihar. 

In 1938, invstigationa on the nutritive value of lucerne and berseera 
and the effect of replacement of some part of the roughage by these fodders 
were carried out at Bharari, Jhansi, U.P. by Das Gupta and Associates. 
Later on work in this , centre was extended to examine the comparative 
feeding value of several straws of some of the common pulses. 

In 1943 the Agricultural Institute at Anand established an Animal 
Nutrition Section and work was taken up by Ray and Patel on the effect 
of different feeds on the quality of milk. Recently, with the financial help 
given by the I.C.A.R. a scheme to investigate the nutritive value of acquatic 
grasses was started at Gauhati. 
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The work completed so far by these laboratories, though of substaiicial 
nature,has hardly touched the fringes of the whole problem. In fact, investi¬ 
gations carried out so far have opened new avenues. One of the most im¬ 
portant findings has been the relation between soil and weather conditions 
on the nutritive value of grasses and other feeds. India possesses a variety of 
the soil and environmental conditions and the nutritive value of a particular 
fodder grown under certain conditions may differ widely from that of the same 
crop in another part of the country under different soil-weather complex. 
Different breeds of cattle react differently under altered conditions,‘‘® so that 
the physiological re.spon.se.s of the various breeds towards changes in tempera¬ 
ture and humidity Ijave got to be carefully studied and suitable rations have 
to bo formulated for siu-h conditions. India possesses a large variety of 
grasses, the nutritive value of many of them is still unknown. Besides, 
feeding value of such grasses at different stages of maturity differ widely, 
so that, such investigations will be useful in determining the maximum 
quantity of different nutrients which may be made available per acre in 
different parts of India through such forages. New sources of feeds from 
un-organized sourcc.s may also be discovered if country wide search is made. 

In carrying out the.se inv'estigations, only one Division at Izatnagar 
and three small sized laboratories which are now functioning in different 
parts of India are not sufficient. In IJ.S.A. where the cattle population is 
much smaller than in India, each state has an Agricultmal Experiment 
Station, in each of which there is an Animal Nutrition Division. Each 
such division employs from 10-50 research workers, besides a host of Exten¬ 
sion officers. Moreover, in every university in that country fundamental 
researches on animjil nutrition are being carried out and the researches on 
physics, chemistry, biochemistry, animal husbandry, dairy, genetics zoology 
and physiology sections are being freely drawn upon. 

On this basis it is urged that there should be one Animal Nutrition 
Research Station opened in each state of India, and Animal nutrition should 
be taught as a separate subject in each Veterinary and Agricultural College. 
I presume Veterinary College Mathura is the only one of its kind to have 
Animal nutrition as a full course subject. This is due to the keen farsigh¬ 
tedness of the progres.sive State Govt, and Dr. R. L. Kaura, Director, 
Animal Husbandry of Uttar Pradesh. The I.C.A.R., being alive to the 
importance of zonal problems has decided to establish 3 Regional Animal 
Nutrition Research Stations i.e. for West India at Anand; for South India 
at Bangalore and for the East in Calcutta or Cuttcck. The addition of one 
more station for studying the problem of livestock of the temperate climate 
is also highly desirable. 

The co-ordinate the work of the whole Union and also to conduct work 
of fundamental importance a strong Central Animal Nutrition Research 
Institute, as originally recommended by the Royal Commission on Agricul¬ 
tural Research should be established. This Institute should establish 
a close liasion between the animal and human nutrition workers on the one 
hand and medical, veterinary, agricultural and forest departments on the 
other hand. It will be the duty of the nutrition department in each state 
to advise the agricultural department how best to increase both human and 
animal nutrients by proper allocation of land under the most effective rota¬ 
tional and cropping methods. 

It is surprising that private enterprise does not come feurward in India 
for organizing research. If we examine the total expenditure in the 8 States 
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of the Union, of which statistical data is available, it is found that out of a 
total texpense of 292 crores only 3.2 crorca are spent on Veterinary and 
Animal Husbandry Department. This comes to 1.1 per cent of the total 
expenditure, as is shown in Table IV. 


'rABLK IV 

ShoWIKG total EJtPENLlTUKK OV 80MK STATES OF TUK I'NION JN JtELATION TO 
EXPENOITL’HE ON AnJMAL HcSBAN 1:>KY 


Kxpciiditvire 
Oil Veterinary 

State Total & Animal I’ercentage 

exjjenditure Hiisbaiitlry 
Deptts 


Assam 

10,21.-15,000 

0,70,000 

0. 

06 

Bihar 

3 00,000 

23,70,000 

0, 

70 

Bombay 

00,59,73,000 

51,23.000 

o. 

48 

Madhya Pradesli 

20,30,«U>,0(H1 

32,41,000 

1. 

00 

Madras 

02,25,r>0,100 

57,10,000 

o 

92 

Punjab 

10,8^,3S,000 

23,53,000 

1. 

40 

Uttar Pradesh 

r>2,2 1,11,700 

1,09,93,800 

2. 

10 

West Bengal 

38,80,71,000 

17.92,000 

o! 

40 


,02,30,08,100 

3.22,58,800 




Fmther a close examination of the returns from land revenue of hese 
8 states and the percentage of money spent on Veterinary and animal hus¬ 
bandry department reveals some interesting facts as are given in Tavle V, 


Table V 

ShOWTNO ToTAT. LANI* KEVENT^K ANO its PEKCKN'TAGE spkvt on 

Animat. Husbandry 


Perreiilaj^c 

spe/it 

veterinary 


State 

Ijnnd revenue 

and animal 



husbandr\ 

de]iartniciit 

Assam 

1,68.07,000 

3 99 

Bihar 

1,44,90,000 

10.40 

Bombay 

6,00,97.000 

7.74 

Madhya Pradesh 

4,04,68,000 

8.01 

Punjab 

1,69,28,000 

13.90 

Uttar Pradesh 

7,30.99,600 

15.03 

West Bengal 

2,08,18,000 

8.60 


The total livestock population in these states is about 25 crores. Where¬ 
as, the income per head of livestock comes to Rs. 77-6-0. the expenditure 
per head is only 19 pies. 

If, however, the money spent on Animal Nutrition research is 
oaloulated on an All India basis it comes to as low a figures as 1 /6th of a pie 
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per animal per aiinnni. The magnitude of the problem can further be 
gauged when it is iioti<*ed that one trained research worker in animal nutri¬ 
tion is available for (> million heads of livestock. 

Closer i.ink betwekn laboratory and field 

In orfler to convey the findings f)f the laboratory to tlie fiekl the existence 
of an Extensit>n Service is essential, s<> that through bulletins, lectures and 
more particidarly by demonsti-at if>n in farms, conservation of feeds and 
utility of correct feeding and their ultimate effect on the health and producti¬ 
vity of livestock may be brought home to the livestock owners throughout 
the length and breadth of the country. 

Recently ii step towards this direction has been taken by the I.C.A.R. 
by recommending the a])])ointinent of an Animal Nutrition Extension officer 
who will be attached to the Community Projects and Key Village Schemes. 

Fortunately under the pre.sent constitution, an effective method of 
starting work at the village level exists in the “l^anchayat system”. The 
panchayats of a number of villages can be taken round Government farms 
to show the work there and they may be asked to send some intelligent farmers 
from their villages who can be taught the practice of scientific feeding. These 
workers can then go back to their villages and can demonstrate the effi¬ 
ciency of balanced feerling which practise<l on a largo scale has given inter¬ 
esting and satisfactory results in Ori.ssa. Co-operative societies opened 
in villages can help villagers in getting seeds of fodder crops, and concen¬ 
trates at cheaper rates and can also help them in marketing the surplus 
milk, ghee, eggs and meat. 

To sura up, we find that as conditions exist to-day the nutritional status 
of both man and livestock is poor in this ctmntry. The condition of 4ivcs- 
tock is much worse and viewed in the light of age old customs of Indian food 
babbits and agricultural operations, no substantial improvement in the 
nutritional well being of the man can take place unless the betterment of our 
livestock is achieved. Tht< first step in this direction is a supply of an ade¬ 
quate ration to all types of livestock. Th<i long gap between the target 
to be aimed a.t and the present availability has been brotight out and has 
been shown how this can be narrowed if' efforts are made to utilize all the 
feeds— available from the organized as well as from sources which are, 
at present, not being exploited. Further research on finding better types 
of livestock forages, improvement in methods of conservation and more 
intensive search for newer types of feeds will help substantially to raise the 
nutritional status of livestock, especially cattle. In long term policies, 
some of the arable land should be set apart for fodder production and sound 
rotational cropping system will prevent any loss in the production of cereal 
grains. It is essential also that the help of other sciences viz. Physics, 
Chemistry, Biology, engineering etc. may be requisitioned to augment the 
food production in the country. 

The remedy to meet shortages is to grow more food. But in doing 
so three objectives must essentially be kept in view in planning the reori¬ 
entation of the country’s food supply Firstly, adequate supply of calories, 
secondly, liberal supplies of “protective foods” like milk, milk products 
and fresh vegetables an<l thirdly the diet should provide a reasonable range 
of variety. 
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It is strongly felt]|^that with a proper resorientation in the pattern of 
land usage, and iinprov'titl livestock the nutritional value of our diet and 
thereby the health of the nation will undoubtedly improve. 

Last but the most important part in any scheme r)f national importante 
is the role played by the enthusiasm and support of the general public. This 
support is all the more needled in livestock iTtH)rovcment policy, as livestock 
influstry is essentially a cottage industry and is dilfused throughout the length 
and breadth of the country embracing the tiniest village in the Union. The 
public is to be educated by all tyj^es of propaganda about the vital role 
of livestock, particularly catth; in the general welfare of the country and its 
people. 1 itiay sugge.st that if we are f.o be ma<le an animal minded nation 
special attention shoukl be give?! to the propagamla among boys and girls 
who are the citizens of tomorrow. We i?iay take a tip from the U.IS.A. 
wher'e clubs like 4-H clubs are helping in teaching the rudiments of animal 
husbandry to the young generation. In these clubs, of whi<!h there is ^)racti- 
cally one in every hoinlet boys atid girls are «^?!Coui‘aged to raise livestock 
like diiiry cattle anfl poultry etc. in community farms of their own. Thus 
a thing which starts as a hobby may set a boy into the path leading to the 
establishment of a dairy or a ]?oultry farm. In our villages also s?ieh elubs 
can be attached to every stdiool \vheie the A.L.C.t, of practical agricultiii'e 
ami animal husbandry on ?nodern lines can be picke?l by teen-aged younges- 
ters In this way tlie (;ow can be lifted from its clown-trodden condition of 
to-day and jjlaced in the eminence, which time-ohl experience has assigned 
to it in our country. 

It is hoped that the brief review of expc^rimeiital evidence on the influ¬ 
ence of adequately feed livestock on the food production and general nutri¬ 
tional level of human beings will stimulate thought of leadeis in the domian of 
animal husba?idry, agricultiirc, forestry and niedicine jind ol' f.lie authorities 
eoncernetl, so tJiat no time is lost in unflortaking t^xhaustivo studies of the 
problems raised, the partial or couq)lete solution of which will contribute 
towards bringir?g about more etiicient livestock production resulting in meet¬ 
ing fully the man’s needs for animal products. 
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GROUP-IN VOL VEMKNT IN THK CAl’SATION 
OF GROUPiTKNSION 

Introditctjon 

Ifara deeply sensibleTof the honour done to me in your having elected 
me President of this section. 1 ieel much of)liged to the Indian Science 
Congress Association, and particularly to my colleagues of this section. 

During recent investigations various causes of inter-group tension, 
such as, psychological, social, economic. politi<-al aufl historical have been 
discusse'.d. The basic ones are those which dopeiul uj)on how we per¬ 
ceive and judge social situations, what we ex])ect out of them, and how they 
aifect our interests and purpo.ses. It is w<‘ji-knowii that the feeling of be¬ 
longingness to our own particular group, combined with that of separateness 
and difference from othei* groups, constitutes a vcr 3 '^ important set of factor.'? 
which determine our perception and judgement of a social situation and the 
expectancies from it. It has both a positive and a negative aspect corres- 
ponding^to the in-group and the outgroup. Tin's feeling has usually been 
named in a loose and vague manner as clas.s consciou.sness. But this term 
Is not expressive of the dynami.sin involved in the functioning of the jiheno- 
menon. The feeling of an indivklua.1 that becau,se lie bt'longs to a particular 
group, for example, a religion, a nation, a caste, a province, a race etc., he 
should exjiecl advantage from his in-grouper anil harm from the outgrouper, 
is not merely a consciousness of his class, but something ilefinitely more than 
that. Class consciousness, on R. Center’s own showing, is not a psychologi¬ 
cal reality in the functional sense, unless the members have common interests 
and outlook, are bound by their feeling of belongingness and loyalty to 
their class, and are aware of the hostility of its interest to those of other 
classes. (4. Chap. II). It may therefore be designated as the feeling of group- 
relations. Tlic object of this paper is to put forward the view that the feel¬ 
ing of group-involvement is the basic cause of inter-group tension, and that 
social distance, stereotypes, prejudice etc., which characterise every heirar- 
chical and competitive form of society, may not necessarily function and cause 
tension, unless motivated by the feeling of group-involvement. 

Group Involvement and ego-involvement 

These two concepts would appear to be closely connected. An indivi¬ 
dual is judged by others from two separate perspectives or frames of refer¬ 
ence. He is judged to have certain characteristics either solely as an indivi¬ 
dual on the basis of bis personal merits and demerits, or on the basis of the 
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characteristics of his group, especially if he is not sufficiently known through 
personal contact. In tlie former case, he is not labelled or categorised, while 
in the latter case, he is labelled and categorised ordinarily in terms of the 
stereotypes attaching to his group. In the former case, other persons’ judge¬ 
ment would make him relatively more ego-involved, while in the latter case 
it would make him grou])-involved. Accordingly the structures at the badis 
of ego-involvement and those at the basis of group-involvement would 
appear to ilifl'er in certaiji important respects. In thej^forraer case, the 
attitudes arc with the ego as the centre, ego-centric, butJiiri the latter case, 
W'ith the groui> as the centre, socio-centric. All the members of one’s own 
grou|), W’ith the uttitmles norms and values of the group are incorporated 
ini<i a “mo” and make for ego-involvement, so that when his group is insulted, 
he feels insulted. In the case of group-involvement both the other members 
and the “me” arc incorj)orated into a common and collective “we”, so that 
when he is insulted ho feels that his group is insulted. It would thus 
appear that therti is a significant difference between the two, at least 
of accentuation or emphasis, denoted by ‘me’ and ‘we’ delineations in 
social thinking and behaviour. 

But there are two points to be emphasised in this connection: 

(1) There is an essential core of individuality in the ego, by virtue 
of which the ego is not merely “the social in man” not merely a version of 
the group. Whatever is interiorized in the ego may not all be adopted as 
its own in the intimate and personal sense. It may even clash with the ego’s 
own goal as an external impt>sition. Lowin and Lippitt have tlrawn a dis¬ 
tinction in connection with group-goal-involvement between one’s own 
goal and group goal, and found, on the basis of experiments, that although 
both^thc goals arc interiorized in the ego, a clash between the two may, and, 
does occur. This envisages the probability that m some situations at least, 
the individual may be able to transcend his narrow group norm, show his 
indepejidence of spirit, form his own unprejudiced judgements, and even 
revolt against his own group. 

(2) But in group-involvement, the core of individuality in the ego 
has ceased to function,—the self is overwhelmed by the collective image of 
of liis own group, and the possibility of disagreeing with his fellows docs not 
exist. In short, the ego-involved individual still retains his eapacity to make 
impartial judgements, Avhile the group-involved person does not. 

SoCIALia A.TION 

Group involvement is an attitude and frame of reference towards one’s 
own group and also out-groups. It is acquired under the process of socia¬ 
lisation, which takes plac<? in a person’s own socio-cultural group. Now, if 
a group is completely homogeneous, having no sub-cultural areas, nor differ¬ 
entiated sub-groups, there is no inter-group, tension or hostility, even though 
there may be inter-personal hostilities within it. Again, if two such groups 
live in their respective territories without communication with each other, 
and in isolation no inter-group relation or tension is possible. But the moment 
they come in contact, or when they get differentiated into sub-groups, the 
possibility of tension arises. The primary condition of tension lies in the 
context of intercommunication and inter-action, specially when both are 
involved competitively in the same situation. The crux of the whole question 
is as to how the pattern of inter-communication and inter-action develops 
between the groups. But since a group in modem times does not live an 
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isolated life, but in a larger field of multiple groups within a nation (or one 
nation in an international field), some pattern for group inter-relationship 
must structurise for inter-group adjustemnts. A standard of reference for 
such structurisation is required The social distanc-e and stereotypes pre- 
valing in the group provide the standard. At tlio root, however, is the 
group’s own image of self which as recent researches have sliown, is invariably 
self-flattering. The rcsearchess of W. Buchanan (2. p. ;>22) on stereotypes 
reveal that there is a “universal tendency to appropriate the complementary 
adjectives for one’s own countrymen*’, Stuclies of social distance scale 
in America have shown that if another nation matches the self-image, it is 
held at the top of the scale. That is how the Americans atjcept, the Canad- 
dians and the English to be more intimate to them than overyother nation. 
To the extent that an out-group matches or docs not match,t he collective 
self-image, it is held to be good and friemlly or bad and hostile. Inter- 
group relations structurise generally in the context of a dichotomous pattern 
of sueJh a “we-and-they” relations. The flattering self-image of one’s own 
group and its “similars’* are good and give protection and security. But 
images of out-groups arc indifferent, or bad and constitute a threat to secu¬ 
rity. It appears that this sort of social tlinking and judgment follow along 
clear-cut concepts so that groups are regarded as either good and friendly 
or bad and hostile. All goodness and friendliness arc <lraftcd away by 
the collective self-image of the in-grouj) and its similars, whie badness 
and hostility remain the characteristics of the dissimilar groups. 


Social Perception 

The question of inter-group relation is based fundamentally' on how we 
see others and how other .-ee us. This is the question of social perception 
in inter-group situations. Social j)erception is inter-personal, in which at 
least two persons of the same, or of different groups inter-act. This at once 
shows the importance of two things, viz., (1) communication between the 
two (2) expectancies of each about the other’s reactions. The roles of these 
two processess in social relations liave been rather neglected, and require 
to be fully explored. I shall have to say something pressently about these 
two. 


Taking the instance of an out-grouper as the other party in a social 
situation, the perception of him would naturally take place in terms of the 
social or frames of reference acquired in one’s own socio cultural group. 
Recent cross cultural studies carried on intensively by anthropologists have 
shown that as a result of socialization, individuals are ‘prepared’ to per-' 
ceive, expect, and think in ways determined by their respective social norm 
and values. Experimental studies carried on by psychologists during re¬ 
cent years conclusivly agree in showing that attitudes and frames of refer¬ 
ence, congruent with the differential culture patterns of different groups are 
developed, and provide individuals with common and “shared’’ norms for 
perceiving and judging'things and persons. The first thing which therefore 
appears to happen in this kind of inter-personal contact is that the out- 
grouper must be categorised in terms of the social norms of the perceiver. 
As a matter of fact each would proceed in his mind to categories the other. 
In a heterogeneous society composed of multiple sub-groups, Ipartieularly 
in a oast-ridden society like ours, this is bound to happen. With categori¬ 
sation, the door is opened for stereotypes, prejudices, feelings of dominance 
or submissiveness etc., to enter and influence that process of perception. 
Often mere Tiaming of persons is sufficient to categories them. Proper names 
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in India are indicative of castes. Razran's ex^Jeriments on “Ethnic Dis¬ 
likes and Stereotypes”, reported by Otto Klineberg (5. p. 607) demonstrate 
how social norms, such as stereotypes, affect perceptions. A number of 
photographs of girls was shown to a group of college students who were 
asked to rank them for beauty, ini elligenco, chara<;ter etc. Two months 
later the siibject.s wei’e shown th<; same photogra])hs with Jewish, Italian 
and Irish surnames etc. adfhsd to the photographs. The addition of the 
surnames now changed their previous ranking in terms of the stereotypes 
as.sociated with the.se etlinic groups. This shows that categorisation by 
naming ha<l definitely affected the perecptioiis of the subjects. Their per¬ 
ceptions t'hangetl from .seeing iiidiviflual characteristics to seeing group 
charactori.stics. 

The prejudiee<l person is somehow incajjablo of discrimination, be¬ 
cause he always f'ategorizes the out-grouper. His frame of reference makes 
him selectively inattentiv'e to individual characteristics. Selective inatten¬ 
tion is to oversight or negligent ol)servation, but the result of the ftmetioning 
of prejudice. All poj-t rederf Seleman’s study which “shows how peoples 
power to re<:ognizo individual Negro fiices varies inversely with their anti- 
Negro prejiulice. (1. p. 10). 

It seems, therefore, that impartiality in perceiving, judging, expecting 
etc., in complete freedom from pre-dtdermination by social norm.s and en¬ 
tirely on the basis of individual and objective characteristics of a person, 
is illusory in psychology This, of eemrse, does not mean that a person is in¬ 
capable of judging anyone rightly^ and disinterestedly. He can do so provided 
ho can control his own ego and group involvements, and delay his judgements 
and expectancies until the relevant facts are available. 

t 

Communications 

It was just hinted above that social perception depends upon communi¬ 
cation. Newcomb has suggested that “Social psychological problems must 
be attached in terms of communications processes”. (8. p. 42). We 
will discuss communication between members of opposed or different groups, 
as distinguishe<l from communication within a group. Inter-personal 
contact leads to a kind of communication which initially takes place under 
the influence of the respective attitudes with which each approaches the other. 
Each party has its stereotypes and artistic group norms in regard to the 
other. The inter-communication has, therefore, to be assumed to proceed 
in this context. New’^comb writes, “One important aspect of inter-communi¬ 
cation has to do with the effects upon members of one group of their per¬ 
ception of the behaviour of members of another group. With rare excep¬ 
tions, every individual perceives the behaviour of an out-group member in 
terms of his own group’s social norms” (8. pp. 41-42). In other words, 
the out-grouper’s behaviour is usually perceived in terms of what he has 
learned about the characteristics of the out-grouper. But, it should be 
added that the contact provides gowl opportunity for mutual check-up of 
their stereotypes, and prejudice, and reduction of inter-personal social 
distance. But recent experimental findings on the result of personal contact 
between foreigners show that in the majority of cases, though not in all, 
new experience and personal contact even if satisfying are not adequate 
to remove or even reduce prejudices. When G. W. AUport writes “It was 
prejudice wdien the Oxford student remarked that he despised all Americans 
but had never met one that he did not like” (1. p. 6). It showed that inspite 
of satisfying contact, prejudices remained unaffected. The subjective 
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attitudes aud frames of reference are so strong and obstinate 
that unless they are initially relaxed, new contact fails to reduce them. 

One of the most common causes of misunderstanding is a litoral lack 
of understanding of the meanings of propositions communicated by one to 
1 he communicative process has to do, to quote Newcomb again. 

With the perceived overlaj> bc»tween the comnmnicating indiv^'iduals. That 
what is expressed by each to the others, anrl what is receiv'cd by each 
from tlie others, is (hypothetically) a function of what is porceiv'cd bv each 
to be the area of shared perception’’ (8. p, 47). Rut the sliaring of percep¬ 
tions becomes difficult if each paTty approaclics Ihe other Avith his r^Nspective 
grouj). autisms. It is really v^ory surprising to see the difTerciice between 
what you actually say, and what has been rocor<le(l hy listeners and members 
of an audience. And when it comes to reporting some more rlistortions take 
place.Experimental research is required to settle how far pre-dispositions, 
sterootyj)es and similar other antisms, whicli make a person ^‘insular” to 
his own group arc responsible for misunderstandings. Basic; research in the 
y3Hychology of communication is more urgently rc^quired, not only for the 
study of social psychological problems in general but also f)(r tensions in parti¬ 
cular. A host of problems exist. For instance, take the question of accuracy 
of communicatioTi in respect of situations where oiily ‘^things” are c‘onccrned, 
and compare it with those where persons, specially of a hostile group, are 
concerned. The comparative measurement in flic two cases will very pro¬ 
bably show that accuracy in commimicaticm about persons wull bo less than 
about things and physical events. 

One thing is worthy of note where persons of diffei’ent groups bice one 
another in a communicative situation. Open expression of prejudice may 
be inhibited G. W. AH port mentions the researches of Rol^inson and Tihodo 
who found that interviewers who appertred to be JcArs, on introduced them¬ 
selves with dewish names ^‘obtained far Joss open expression of anti-semi(ism 
than di<l interviewers who seemed to the respondents to bo non-Jewish” 
(1. p. 18). It is difficult to be sure whether in such contaet situations, the 
participants react intra-montally to tlieir prejudices as anti-soci.il or un¬ 
able. At least, they do not like to be disagreeable. In any cavse, the j 3 ossibi- 
lity of dissolving stereotypes and prejudices through increased inter-group 
contact should bo experimentally explored more systematically than ever 
before. 

Expectancy 

Just as coin muni cation determines social perception, f^xpeclancy also 
does the same, and structurises the situation in further definite ways. Ex¬ 
pectation of what the out-grouper may be going to do is bound to influence 
my own perception of him. Expectancies are usually integrated into group 
attitudes in ways'^congruent with the attitudes, A>s a consequence, my 
expectancy of his behaviour would be influenced by the stereotypes and 
prejudices which I have learned to attribute to his group. 

Thus he would be perceived and judged to have no independent per¬ 
sonality traits and qualifications except those which follow from the charac¬ 
teristics of his group. My opinion of him and my expectations about him 
would be the same as are held by the rest of my in-group members. It seems 
^ as though in such a social situation, it is not that one individual being con¬ 
fronts another individual being, but their respective group-images. Such 
expectancies of the behaviour of the out-grouper implies, therefore, my own 
involvement with my group. Expectancies dictated under such group 
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involvement foelings may thereby cause misunderstanding, or at least, 
lack of proper understanding, of the other fellows’ .attitudes, and make me 
suspicious of him. 

Expectancies of the behaviour of out-groupers are also generally mani¬ 
pulated and channeliscfl by various agencies within the in-group they sug¬ 
gest the refjuisite frames of reference. If the frame of reference makes y(tu 
perceive an out-.sider as xindersirable or hostile, you should expect him to be¬ 
have in undersirable and hostile ways. As mentioned above, a well-de¬ 
fined frame of reference for perceyjtion ni.'ikes a person autonomously integrate 
with it su<;h expectsncies as are congruent with the frame of reference. Ac¬ 
tion may then be Ir^ft to follow upon the expectantiies. Therefore one of 
the methods of publicity, propaganda, ami leadership suggestion etc. is 
just to define or change, people’s frame of reference about situations, persons, 
or grony>s, and leave it to the people to develop appropriate exjjectancies 
and behaviour. 

Some important Theories of Inter-group tension 

We have now seen that social y>orceptions in inter-group situations are 
usually determined by the group auti.sms of each participant so that neither 
the one nor the other is capable of underst..anding each other in a way that 
two in-groupers know and underst.aiid each other. In a heriarchical and 
competitive society, with many different sub-groups such as castes, religious 
groups, 80 (*ial classes etc.’ scales of social distance, stereotypes and prejudice 
inevitably exist, and determine yierceptions and expectancies. They un¬ 
doubtedly provide the backgroiind for inter-group tension. But such 
tension need not actually arise merely because they exist. The stereotypes 
and pi'ejiidices etc. niay bo just merely sociocultural or traditional patterns 
of conformity. Indeed with most pec.]>le they are so, with the exception of 
certain types of character structure or personality such as, the authori¬ 
tarian, the conservative, the deeply insecure an<l anxious etc. If they are 
regarded as sheer conformity pattern.s, they do not possess any motivational 
or functional significance. They may however, acquire motivational power 
under conditions of grouyj-involvement. But there are a number of 
approaches to the problem of group tension. It will bo useful to survey 
them as briefly as possible. 

Broadly speaking, there are three such approaches: (1) The psycho¬ 
dynamic approach of which psychiatrists and abnormal psychologists are 
the chief exponents. The fundamental stand they take is that intra-psy¬ 
chic and repressed aggression produces tension in the individual, and that 
this tension is projected or displaced upon out-groups, Storeot 3 q>es, pre¬ 
judice etc. are regarded as socially permissive channels for the discharge 
of such repressed aggression. These patterns would thus seem to possess 
motivational power from the very outset. It is further assumed that every 
individual for the sake of his own internal peace of mind, and relief from 
anxiety and insecurity must discharge his aggression along the lines of stereo¬ 
types and prejudices etc. upon the out-group as a whole. Group tension 
would therefore be a sort of collection of individual tensions. This is, how¬ 
ever, an extreme view. Eysenck warms against the insistance on uncons- 
seious motivation, and about the nature and derivation of aggression on 
the basis of the “extremely subjective interpretations given by a number of 
psycho-analysis of the dream, free association and other productions of their 
patients, who cannot by any stretch of the imagination be called a prepre- 
sentative sample of the normal adult population’’ (7.p. 50) He also observes 
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that “the tendency in social psychology to look for unconscious processes 
and rationalisation in relation to all social thinking is open to criticism”. 
(7.p. 64) 

The psycho-dynamic view necessarily ^'requires scapegoating the out- 
grouper. Zawadski, "writing on the “Limitations of the Scajiegoat Theory 
of Prejudice” (10. p. 4.‘1) and Lindzey in his “J<3xi>crimontal Kxamination of 
the Scapegoat Theory” (same journal iOiiO, 42), have sho"wn that the theory 
of displacement is not adequate to serve as an explanation of prejudice. 
Further, it is not very clear how the passage Irom individual tensions to 
group tensions is effected. The only answei' to this question is the analogy 
of the steamboiler containing various channels, or safety-values for the escape 
of steam power. It is undoubtedly true that reiieated frustration and accu¬ 
mulated aggression would produce changes in personality structures, mak¬ 
ing the person irritable, unstable, anxiety-ridden and authoritarian. Put 
this does not answer the question how each and every individual eff’ a group 
developes the same peisonalily types. Further the theory of accumulated 
aggression with the necessity for its displacement to out-groupers is, in effect, 
hardly different from the thec^ry of an original instanct of aggression, and is 
full of dangerous consecpieiices of the neecf for outlet and the justification, 
and rationalisation of such a ju*ed. Finally, soc iologists rightly criticize 
such a purely psychological and personal theory of intcr-group tension as 
containing the danger of “iisychologism”, because it ignores the importance 
of social realities and situations in causing the tension. For instance, it 
is well-known that sterciotypea change with situations. Kefcrence may be 
made to a mimbc‘r of studies reported by Otto Kiluebt^rg in his jiaper on 
“National Stereotypes” (5. p. 509) Shrioke’s study c>f the Chinese in Cali¬ 
fornia shows that "when the Chinese were in great demand for certain types 
of occujjation into California, they were desciibed as thrifty, sober, law- 
abiding, in-offesive etc. But when the economic situation had so changed 
that other groups were into coiupcjt itiem with the Chinese, the slc^reotype 
about the Chinese changed to clannish crimmal, debased and servile. Again 
Meene’s study show'cd that thc^ American stereotypes regarding the Japa¬ 
nese and the Germans c-hanged from favourable to unfavourable with the 
outbreak of World War II. G. W'. Allport makes the observation that “when 
the Russians wcire allies of the jVmericans in war-time, they were readily 
perceived as courageous cheerful, ijrogressive and liberty-loving people. 
When in the post-war period circumstances had shifted, the image became 
one of a cruel, oppressed, atheistic and double-dealing folk” (3. p. 62). 

2. The social-psychological approach pioneered by Sherif and Cantril:- 
Group tension is due to the clash between the noims of one group and those 
of another. Group prejudice ns a social noim, is acquired just as a person 
acquires his identifications, values, and loyalties. “In order to be a good 
member of the group” writes Sherif, “he has to share these prejudices as well 
as other values of his group—positive and negative” (9. p. 340). It is an 
aspect of the ego development throxigh family influence and other social 
pressures. In course of time such social influences are forgotten, and the 
norms become completely intcriorifced in the ego as part of the constellation 
of attitudes of which the ego is composed. The norms arc no longer merely 
of the group,—^they have become his own. The social distance prevailing 
’ in the structure of a group may, therefore, be expressed as ego-distance. The 
motivational power of the prejudice is, drawn duectly from ego attitudes. 

It is unnecessary to assume repressed aggression in the individual and its 
displacement to be at the root of prejudice. 
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This approach appears to be more acceptable than the purely psycho- 
dynamic one. It takes full account of the social aspects of the origin of 
prejudice. But it seems to leave no margin for the individual to exercise 
liis individuality independently of the social norms ho has acquired. The 
ego is made almost comi)lctely a version of (he group,—merely a receptacle 
which has been filled by tht; in-take of group culture. But it is a matter of 
cornmtm observation that inspite of the introticptioii of group norms, an 
individual may not have accepted all in the truly functional sense, so that he 
is still c.a]jabJe ol taking a del ached and impartial view of others, arid of 
behaving in we^’s contrary to the norms acquired by him. The motivational 
usj>ecjt j'cmains rather weak, and insutliciently defined. 


.*{. The third aj)proach may be said to be that of Cf. W. Allport who 
combines the, p.sycho-dynamic and social approaches, as presented by him in 
his contiibutitm t)n ‘‘’The Role of IGxpcctancy” in the book called “Tensions 
'fhat C‘ause VVars”'^. He insists that both ])crsonal and social factors are 
invt>]ved in grou[» tension, and it is futile to argue which is the basic. He 
says that so far as “immediate” causation is concerned, the psycho-dynamic 
factoj’s are important, and for “long-run” causation the social, historical, 
and e-cotmmic inlliicnces of a social system are often decisive. In this view' 
the motivation is taken from personal, i>sycho-dynamic factors, and it is 
linked-uj) with the prevailing grou|) norms, stereotypes, jn-ejudices, etc. 
by the prot;e,ss of channelling through traditions, symbols, and the influence 
of parents and leaders ete. Aticordingly his view of prejudice is that it im¬ 
plies categorisation, displacement and rationalisation. 


Allport’s approach is eomprehen.sive. J have only one remark to make. 
Aecorriing to his \ iew', inter-group antagonism w'oukl be more an expression 
of mdiviflual p.syeho-dyiiamic factors Hian a matter of social causation, 
because the .soiii-ce of the motivation is held to be in<lividual psycho-dyna¬ 
mics. He, therefore, Avrites of channelising of individual hatretl upon substi¬ 
tute objects. This tvoidd naturally imply that stereotypes, jirejudices etc. 
proA'ide outlets for the relief of inner tension, anxiety, and insecurity. It is, 
howe-A’cr, quite likely that channelised hatred etc. may still leave to the indi- 
A'idual a margin for some independence of outlook, whitsh Allport does not 
deny tt> iiulividuals on account of theii' uniqueness. Many individuals 
feel, in their cooler moments, t.hat prejudice is irrational and unjustifiable, 
—some peoj)le cA cn condemn it openly. ProA'incialism easteism, communa- 
lism et<‘. liaA'C l)een r<*peateflly condemned from the platform. These things 
imply that some indepeiulenee and critical power of appraisement is still 
left. But Avhen the same persons in their actual conduct fall victims to 
the prejudices they condemn, then ‘something’ has happened in their minds, 
—iiidejicmlence of judgoinent has been lost, and some other frame of re¬ 
ference has come into operation. Our own view is that this ‘something’ 
is inA'^olvement with their group that has now come in to activate their pre¬ 
judices. 


Causation of Inter-group Tension 

According to the view taken hero the established scales of social dis¬ 
tance, prejudice and similar other group norms are patterns of conformity 
behaviour. They do not possess motivational power from the outset. As 
already pointed out they are unavoidable in a heirarchical society consist¬ 
ing of various sub-groups and organised on a competitive pattern. Nor¬ 
mally and in everyday situation, they do not seem to function except as 
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inducements for xivoiding certain classes or groups. Tliey are not a sort of 
standing incitation to exercise hostility against outgroups. There is a large 
difference in degree from mere avaidance to antagonism and hostility. 
Inter-group tension in the sense of active conflict cxinnt)t therefore be regard¬ 
ed as the result merely of the categorizat ion of the out-grouper, through the 
established scales of social distance, stcreotj'pes, prejudices and similar 
other group norms. »Some adxlitional factors must be assumc<l to function 
in intensifying the avoidant attitii<le into vvell-define<l tension and hostility. 

N^ow it is through the me<liuni of cornpetitiv'c an<l frusti'ating situation 
that the new factor of grouji invoh'cment comes in. Tluj... social-jisycho- 
logical significanex'! of sucli competitive situations ctmsists in the fact that two 
groups, more or less direxitly concierned in the situation now align themselves 
in definitely conflicting <-<»mps. Kach group's feeling is intensitietl with the 
perception that the ofhci- is a rivirl, ivnd the expectancy that its behaviour 
will frust its interests anfl jmrposes. Their resj>ective social percep¬ 
tions of each other has now changed, as for instance of the Chinese in Cali¬ 
fornia in Shriek's study quoted xibove wdiich demonstrated that with eco¬ 
nomic changes in the situation they came to bo regarded as criminal, flobased 
and service. The in-group members develop a positive attitxide of closer 
identifiexition, solidarity and eohe.sivoness amtmg themselves, aloi'.g with 
more well-defined antagonism against the competing out-group. This is 
supported by an observ'ation made by Shcrif in his “Exporimontal Study of 
Inter-group Relations" he says, ‘Tn brief the con.sequences of tlie intor- 
group roUvtions in competitive situations and in frustrating situation width 
members of one group perceivt* as coming from the other grou]); (i) to solidify 
the in-group belongingness and solitlarity, tt> enhance in group democrxicy and 
to strengthen in-group friendships; (ii) to generate and increase out-grouj) 
hostility, to prorluee derogatory namecalling which came close to stand¬ 
ardising of negative stereotypes in relation to the out-group (i.e. rudiments 
of prejudice) (8. p. 420). Even if groups as such are not directly involv'cd 
in the competition, but only individual members, the same, thing would 
happen, because the members carry the collective images and norms of their 
respective groups, and arc c.xpeeted to cause the same frustrations. A 
remark made by G. W. Allport, rex>orting some important findings of soeit^- 
logists, is also relevant to our purpose. Ho says, "Ev^en a differentiated 
society dtKis not generate acute inter-group hostility unless there is possible 
up-ward mobility within the social structure. The more numerous the 
members in an upwardly mobile minority group, the greater the prejudice 
against them" (1. p. 20). Prejudice shoots up against upwardly mobile 
monority groups obvitmsly because of the group-involvement fcelings'~of the 
rival groups released by the competitiveness involved in upward social 
mobility of these minority groups vrhich stand low in the social and economic 
structure. In such a state of affairs the irrxitionality of prejudice becomes 
more evident due to the group-involvement feeling that the out-group is 
definitely harmful and hostile. Instead of assuming that accumulated and 
repressed aggression with its displacement explains the irrationality of pre- 
judice(Dollard), we ratty asstime, on social psychological grounds, that group 
involvement is responsible for the same. 

Newcomb’s Bennington, study as reported by Sherif® may also be ro- 
lerred to in support of the importance' of group-involvement. One of his 
important findings is that information about contact with and the new ex¬ 
perience of the outgrouper are not sufficient to change prejudiced attitude 
because there is a strong linkage between belongingness with one’s group 

Bifi 



lo Proc. 40th Ind. £Sc. Cong. : Part II : PreaidenfUial Addrt^^ti 

and the acceptance of the group’s attitudes and valtl'es. New knowledge 
and experience can function only when they are linked-up with the accep¬ 
tance of new group as the reference group. The acquisition of a new atti¬ 
tude is a function of relating oneself positively to some new group, and at 
the same time of relating oneself negatively to the group which inculcates 
the old stereotypes and prejudices. 


C-ONOLUTION 

To conclude, the concept of group-involvement has been presented in 
a tentative form for what it is worth. Its validity as an explanatory prin¬ 
ciple of social conflicts would depend upon expei'imental exploration and 
field observation. For instance, persons may bo tested for their high group- 
involvement and there stereotype.s and prejudices against out-groups. If 
a positive co-relation can be founcl between group-involvement and group 
prejudices, the concept wouhl acquire definite significance a.s an explanatory 
principle. It is ray belief that if the range of group-involvement, such as 
caste and provincial involvements, is widcnefl from its narrow concentra¬ 
tion to more broad based indentification with the nation as a whole,—and 
from the national to the inter-national field, i.e. to new and wider reference 
groups’—a great many projudices would either be resolved, or prevented 
from functioning. Consequently group tension w'ould also be either reduced, 
or |)revented from causing actmd social conflicts. 
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Presidential Address 

GOAL AND THE ENGINEER 

T sincerely thank you for eloetirij; mo the l*re.si(!ont of the Engineering 
& Metallurgy Section of the Tiulian Science C«)ngres,s A.ssoriation for its 
40th Annual Session at Lucknow. I am oxtremoh’ grateful for the honour 
you chose to bestow upon me. 1 take it a.s an honour to the profession I 
happen to belong to, (i.e.) Fuel '^rcchnology and Chemical Engineering. I 
hope, I shall be able to live up to tlio hipJi standard for thi.s exalted office 
set by my illuHtrious prcdcc«‘ssor.s in the past. There is little doubt that 
your willing co-operation and help will render my task easy and the current 
session of our se*‘lion will meet with the same amount of success as in the 
past. 

iNTRnUCTION 

It shouUl bi' clear from the Ab.stract.s of Papers to bo read and discussed 
before this Section, alreacly publi.shcd, that they oov'cr a wkle fiekl, and 
.Engineers, Technicians and Scientists cngag<‘fl in variou.s spheres of activity 
in Engineering and Technology at <liffeient centres in the country are taking 
keen interest in developing this (’omparativdy young section of the Associa¬ 
tion. The learned .President last yeaj’ dec-ided to speak on Technical Educa¬ 
tion while delivering his illuminating Presidential Address. The importance 
of the sid>jcct with respect to otir national re<juirement may bo judged from 
the fact that yet another A\orthy President- in the recent past chose the same 
theme for his Pre.sidcntial Addres.s. 

At the moneut, our Coal resources, more particularly our re.sources of 
Coal stiitable for metallurgical purposes and the question of their conserva¬ 
tion are tlrawing a good deal of attention and causing much anxiety and 
concern to those engaged in its winning and utilisation. It i,s hardly neces¬ 
sary for me to stress upon the importance of Coal to Engineers and Techno¬ 
logists. Wo may say, as it was said by an Englishman as early as 1865, 
in his anxiety to conserve the Coal resources of his country that “Coal 
in truth stands not beside, but entirely above, all other commodities. It 
is the material source of energy of the country—the nniversal ai<l, the factor 
in everything avo do. With f’oal almost any feat is possible or easy; without 

it we are thi*own back into the laborious poverty of early times. The 

progress of Science and the improvement in the Arts, will lend to increase 
the supremacy of steam and coal. The more economy that is practised in 
the use of Coal the more wdll its consumption increase, for economy multi¬ 
plies the value and efficiency of our chief material; it indefinitely increases our 
wealth and means of subsistence and leads to an extention of our population, 
work and commerce, which is gratifying in the present, but must lead to an 
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earlier ciul. Kconoinic inventions arc what oiu' should look forwaid to. 
likely to continue the rate of increasing' coii.suinpti<»n. (^oiil«l we kec]) thciri 
to ourselves,indeed, they w'onld enable us fc^r a time, to neutralise the evils t)f 
dearness when Coal begins to he scarce, to kc<‘}) our aecustomed cfftcien<\v and 
push down our etral shafts as hcdoix*. Hut the end would only thus 1)0 
hastened— the exhaustion of our seams more ia]>idly carried out.” • 

In spite of this early wai’iiing, it has not been possible either to 
reduce the <-f>al output or to restrict its con.sumpliou in this leading 
coal producing country; on the oth<“r hand, rluring the subsetpu'nt years, 
both have steadily gone up enormously, and lately strenuous efforts arc 
being made to increase the output still further tr> meet urgent demands, 
so that, import of (''oal may he stopped, indeed, the positi<»n is such that 
England is s\irx^rised to lind hej'cself iinfiorting (toal from outside. Even 
an insignificant <!oal in'o<hieing eoutry like India had oc-easions to oxymrt 
("Joal to the United Iviiigdorn. Britivm fimls that she can no longtu’ count 
upon her best resources of high grade coal which arc now mmii dci)leted <liie 
to extraction dui’ing the i)ast century aofl a half and she* must try do 
the host W'ith what she is left with. Of necessity, she has been compelled 
to adopt the wise x>olioy of jn'eventiou of avoidahh; losses during extiae- 
tion and use. '^Phe iiutst imjjoi'tanf. aspect c»f the (V)al <piestion is not so much 
how long can the r*eservcs ])os.sil>ly last,—hut how long can ihe country 
continue to gel' tlie availahJe c<tal at a cost which sliall not plar*e 1 ho 
nation at a disailvantage to the neai’est <‘omp('l itors. Tt. is e<jnsidered that 
the object of any national movemeut in the dire<-tion of fuel e<-onomy should 
be to ensure, CN)al being utilised, in tlie nati«»nal interest, tf> the fulli\st arl- 
vantage by every cla.s.s of consumer. Trmi <“conomy lies not .so much in using 
sjjaringly as in using well. Negative ncasincs arc of doulitful value ami ulti¬ 
mately lead to self-destruction. ft is this asjiect of tlu; problem, (i.e.) utili¬ 
sation of coal resemrees in national interest that. 1 am anxious to deal with 
in my-Addres.s, and I crave your iudulgenei' l*> x>ormit me to d(» so. Since 
the past few years, the Coal problem of the eomilrv has become so a<-n1e that 
its various asjieets have been affecting imluslry and the peojile of mir country 
seriously. The quality of Coal i.s no longer as good aiul its price as rea.sonahle 
as in the j)a.st and it.s sufiply is suhjeet to haflling resti-icl ions. The govern¬ 
ment is being ailvised untl driven to take such mea.sui-cs as it is seriously 
apprehended, •will ultimately defeat the very object in view. At this junc¬ 
ture, it is for the Engineers arul Ttvdimilogists to come forward with helpful 
and constriictivo suggestions to sav^e the situation. Before proceeding any 
further I find if. neees.sary to j)re.se,nt a shoi’t historical baek-grouml of the 
development and progress of the coal mining inihistry in this ci>uutry and 
I hope, you will please bear with me |)aticutly for a white. 

Foot Fal^s of tub coal mjning Ixoustrv 

The development of the Imlian Coal Industry is a roniantio a.speet of 
the industrialisation of this eountry. Though the word “Coal” does not 
ficcur ill our ancient Indian literature, it i.s apparent from outcrop of tires 
in the Eamiida Valley Coalfields and knowledge of the iieople who inhabited 
these tracts that Coal was known in India from lime immemorial. But lack 
of interest in its development and actual mining oxierations was due to the 
fact that in ancient times wood was abundant and human needs were few. 
True to human nature people followed the path of least resistance, and did 
not care to undertake the arduous job of mining Coal even if they were aw'are 
of its existence. We have it from history that Coal, was neither mined nor 
traded in until John Summer and Suetonis Grant Heatley discovered it in 
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Bengal in 1774, and applied to A\'arreii Hastings for permission to start coal 
inities. li<)\v'evor, actual rnining operations <lid not commence till the year 
1S15, wlion JVIr. llupert Jones, who was sent out from Kngland to explore 
the possibilities of the Bengal Ooalfiekls, discovered the coal seams at Bani- 
gfinj. 

The said discovery changed the, history of that large tract of land known 
as the eoalfiehls of Ikuigal and Cht>tanagpiir. tlradually a number of 
firms and individual enterprisers alarte«l minijig operations but actually not 
mu« h work was done iinlil 1843, wIkmi th(i two leading firms were anialga- 
mate<l and the, Bengal (loal Com})any was formed. With the inception 
of this tuwv firm, some other firms also began to w'ork coal mines in the neigli- 
bonrhood of Ibmiganj. 'riiosc* pioneers in the coal industry wore, however, 
laetsl with the diflieaiitie.s of easy means of transj^ort, as they had to use 
boa.ts for floating rlown the, Daniodar we'th their cargoes to the Ganges and 
this only jueans of commuiiicatkm could he ax ailod of only during the rainy 
s*iason. 


'il’he openiiig of I he lilasl Indian Railways in iS.'io ami its extension to 
the Burra!''^• 1 * coal ai('a,s in ISfJo gave a fresh impetus to the'collieries by 
remov'ing' tlie Iransporl difUeiillies. The coal iiulustry m India, it may be 
said, pi at I ieali V owes ifs tirigin to the eoTistruetion of railways in this coun¬ 
try whieh lu't only led to f-a.sy imams of ctjmmunieation, but at onee created 
a lai'ge demaiui for coal, d’ht.'! se;tr(-li by tiie lilasl Indian Jlailway Company 
for a e!ifji[)cr ;intl ino''(‘, acct'Ssible supjilN' of ef>al than the imported British 
ct>al k'll to the deve!o])tnent of tiie Indian ctial industry by a number 
of J>)i:d-Stock (Vim^-init's. fn the year iSdo, the Ktjuitable Company 
'v'Hs floidetl. in abo'i*^ I:? ye;ox, on<,> more big coal comjiany an<l the Bnrra- 
ker Cti.il (!o. came, into exist 'isce. However, the existence of all such large 
conct'rns, <(>nplefl with )n;iny other pi-ivate collieries, failed to inereaso 
the eoal output, oftiie count ''y to any apj)i eciable extent. In 1872 the Bengal 
(Coalfields were juodiuing tinly 322143 tons of coal agaist 21G580 tons in 1858. 
In ]87fU8(> tl le avci'agt* Indian coal output was t)87(MK> ton.s. In the next 
five ye,ais te.e av'erage l eaciied the figure of 12250d0 ions. Tlic low output 
w.is due to various causes; - a number of ot»llierics w(;re. still far aw'ay from 
Kailw ay line.’, and had to bi ing their machineries by the slowest mode oftrans- 
])ort {f)uilf>ek carts), immense labour was involved iii earrying heavy boilers, 
etc,, over a country without good roads, on bridgeless brooks full of water, 
the eartiug was held ixp for da,\.s together, even the collieries which wore on 
the Railway lines were faced w ith unsympathetic Railway officials who did 
not like to increase tratfic In granting rcsoiiahle transport facilities to the 
collieries, if the collieries were to be provided with sidings, they w’ere ivquired 
to pay in full for their construction and maintenance,— under such circums¬ 
tances, it was no wonder if 1 lie dovelojmient of the eoal industry wa.s very 
slow till the nineties of the last century. Besides the difiieulties of transport, 
there were other hurdlo.s in the way. The collieries at that time were not 
properly equipped; sinking •'>perations were primitive, the method of working 
was wasteful, the appliances and motliod of cutting coal were unsatifactory, 
the supply of labour was inadequate and the miners were neither ambitious 
nor enterpi-ising and on the otherband, they were indisiriplined and insolent. 
Moreover, thei‘e was no adequate <lcmand even for the small quantity of 
coal obtained at that time:—use of coal as demos tic fuel was practically un¬ 
known, industrial demand was also not oonsitlerable. Even the Railways, 
which have been the chief consumers of coal since the inception of this 
industry had only a mileage of 8707 in 1879 and of 14465 in 1B93 and their 
consumption of coal was only 988908 tons in 1890 (out of which 654829 
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tons were Indian coal.) The Iron Industry, the next important consumer 
of ooal, was not much in the picture iiiiiill the liurrakar Iron Works 
started in 1874. In 1877 tliere were onJy 51 Cotton Mils and 21 Jute Mills 
and other indiistries were not yet developed to <*onsuine any largo quantity 
of coal. * 

It was only from the ninetic.s ot the last (;cntury that a new era of pheno¬ 
menal increase dawned on this industry, 'fhe coal pro<luction in India 
increased from 1.2 million tons j/i 1883 to 2.8 million tons in 1891-1)5, 4.8 
million tons in 1890-1900. Dj) to this time only the lianigauj (.’oalfioid was 
of importance, hnt the Jaharia Coallh'ld started coming into prominence 
and gradually the ]>rodnction lioni the Jiiaria Coalfield iucreasetl at a I'apid 
rate. The Indian Coal ])roduction was 7.0 Tnillion tons in 1901-1905, 11.5 
million tons in 1900-1910. 

Up to the first World War (1914-1918) Coal dul not, however, attract 
much attention, louring tin* War, the demand for Coal increased consider¬ 
ably, and the Indian (‘oal production went up to about 21 million tons by 
the year 1919. 

Subsequent iiu^rcase in demand, both internal an<l external, for Coal, 
improved transport facilities, better tcchnit|uc and method of prodmdion, 
and labour conditions, led to rapid expansion of this industry, for instance. 
Cotton Mills increased from 193 in 1900 t o 304 in 1935-36; .lute Mills increased 
from 22 in 1879-80 to 93 in 1926-27 and 104 in 1935-36; the Iron iV: Steel 
Industry increa.sed the protluetion of pig iinm from 35,500 tons in the begin- 
ing of the i-cntury (o 11,75,292 tons in 1930 and 15,41000 tons in 1935-36, 
that of steel from 139433 tons in I91t)-17 to 427035 tons in 1930 and 880000 
to^s in 193.5-36; Railways (the chef consumer of coal) expanded from 14405 
miles in 1893 to 409.50 miles in 1928-29 ami 43J18 miles in 193.5-36 and their 
demand for coal increased from 958000 tons in 1893 to 7438969 tons in 1928- 
29, and 7481873 tons in 1936-37: (V)al export rose from an average of 42000 
tons during 1891-95 to 881741 tons in 19911-15 and 1224758 tons in 1920. 

However, it may be mentioned that during the period 1926 to 1936, 
though the demand increased. <bie to ent-throat comjjctition, pi'ices of coal 
yy'ent down considerably, and at times the C<.>al industry was faeetl with 
decline. In 1939, World War IJ b)'oke out and in 1943 there was acute 
shortage of Coal. Prices of coal shot up v(>ry high and they were fixed in 
1944 under Colliery Control Order, and also x'arious laws and orders were 
promulgated for increasing the earnings of the miners ami also for their 
welfare, with a view to attract labour to the collieries for increasing tiroduo- 
tion.(***) 

To summarise, the first published reference to the winning of Coal in 
this country is in the year 1774 when shallow shafts are reported to have been 
developed in the Raniganj Field. The venture <loes not appear to have met 
with any success and the next serious attempt appears to have been made 
40 years later. By the secoml quarter of the 19th century, a number of seams 
were opened up in the Raniganj Field. The period 1845-46 is notable for 
systematic Geological Survey of the field. This was again undertaken during 
1858-60. By 1860, nearly 50 collieries were producing 282000 tons of coal 
per annum. The end of the 19th century saw the Jharia Field gaining in 
importance. Coal mining in C.P. started in 1862 and in the Rewa States 

(*****) fReferonces for datn and information 

<i) Labour in Indian Coal Industry by Dr. B. R. Seth (Pages 1 to 8 of Introduction), 
(il) Indian Rconomica by .lather & Borl Vol. I (pages 24->20). ' 

(ili) Report for Working Party for the Coaj Industry (1001), (Page 0). 
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in 1884. Tho Singarcni Field in Hyderabad was discovered in 1872 and was 
on production in 1887. Development in Upper Assam took jilace in 1881. 
By the 20th century the total production was of the order of 6 million tons 
annually, of wJiich 5 million tons were fron Raniganj, Jharia and Oiridih. 
1914 saw the opening up of the Bokaro, Penoh Valley and Phanda V'alley 
Coalfields and total riidian jiroduction was of the order of 10.5 million tons 
of which Jlunia and Itaniganj produced 9 million ami 0 million tons respec¬ 
tively. Most of it was used by the Railways and industry, for steaiti rais¬ 
ing. The year 1911 is of impoi'tance since tho Tata Iron Hteel Co. was 
established at Jamshedpin" during this period. The years 1914-18 being tho 
period t>r World War No. 1, saw increased activity in every direction and 
coal pi-jidnetioir by the end of the War went up to 21 million tons—the 
shares of Jharia and Ratiiganj being respectively, 11 and 6|- million tons, 
fcjinee the yeai* I92t>, tlie fJoal mining industry in this country lias not been 
able to have a smooth going. 

During the years 1920-20, AVar time activities declined completely and 
the output for 1920 fell by about 3 million tons. There was an overall gain 
during 192-1-20, hut the coal raisings remained almost the same as at tho close 
of tlie M'ar. AiToiding to the Report of the Indian Coalfields’ Committee, 
194<}. “The rt-a.sfms lor this tlepression were manj^. To meet tlie high post¬ 
war demand, a munher of workings into seams, which had been ignored as 
being of m> commercial value, had been opened. With the return of normal 
conditions, the'se would, in any ease, have had to closedown. Their existence, 
and indeed t}n‘ ineiease in their number, at the time of the abnormal trade 
dejires.-ion of 1920-21, affected the industry very seriously--.’' But in spite 
of this decline, prices began-to rise steadily in Bengal/Bih.ar. Between 1920 
-2'1, the pri<“es rose from Rs,0/.5/- per ton to Rs. 0/2/- per ton in Bengal and 
in Bihai’ from Rs. 4/9/- per on to Rs. 0/15/- per ton. The year J 926 is imtable 
for worhl nide depression and the prices of c-oat in Bengal and Bihar were 
Tcs])i“ctivel3^, Hs. ''>/!/- ami Rs.4/9/- per ton. During the next ten year.s the 
doM'imard trend of prices continuetl till the nneconomie level was reached. 
The jieriod J 927-30 saw increased production dm; to incrcaseil industrial 
activity in the country and caputre of export markets. On the other hand, 
the falling jirices of coal encouraged its increased use for power generation. 
There was another fall in production in 1931 and it became worst in 1933. 
Frantic efforts were made, to the point of over produetiou with tho hope of 
keeping ilown the costs. The Pithead prices of Coal in Bengal & Bihar in 1931, 
were respectively Rs. 2/14/- and Rs. 21151- per ton and in 1036, they were 
Rs. 2/9/- and Ks. 2/10/- respectivelj'’. During the year 1937 -42 things took 
nonnal shape; there was steady increase in industrial demand and conse¬ 
quently, the production increased. By 1942, tho prices of (Joal in Bengal 
and Bihar w^cre at about the 1927 level, being Rs.4/- and Rs. 4/8/- per ton 
respectively. The jieriod between 1942-45 saw extensiv'cly increased all 
round activities due lo World War II, and the production surpassed the 1944 
level by 3 million tons. The prices rocketted sky high. It became necessary 
to make every efTori to keep ux> productions and even boost them up and at 
tho same time control the prices. Positive steps in this direction wore taken 
by the Govcrnmeiit towards the middle of 1944. Several other helpful 
measui-es affecting labour and the management were also taken. 

During the subsequent years, the annual output w’ent up still higher and 
a record figure of more than 34 milion tons was rechead in 1961. Even 
then ouf annual coal production is insignificant as compared to those of some 
of the leading coal producing countries of the World. Comparative figures 
for production, prices, demand, etc,, are given in the Appendices. 
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pa.'isiuf^ 
rc'|(‘\ ant ra<’t ^ 


on the RuhjcM't proper, it; i?t (lesirable to reoord a ft!i\v 
whi 'h will lielp iis to uderstaucl the j)rohloiu later. 


Hhiki' lhsf’(>u\ or i)K\Kroevf k\t or rni*: Ikon am) 

Wt K KT. IXS D luSTR V 


l^he Stt‘el fmliislrx prac-ticllv" owes its f>)*i^in to tlie s i ao?) of Sir Ja7n- 
shedji N. Tata, who founded the Tata ]roti & Steel (V). in the year 11)07 
tor nrinnh* (ir r* (d' tr ai X Steel. Pi^ Iron was first ])rodii *-"d itt 1 euih/ i* 
1011 and Sti ei in lOl.'h ddie break of AA’^ar in lOI f eav'e an inif)etna to t!ie 
infant iiahwtiy whieh ))y 1010-17 was able to attain fnll prodmdion of its 
c'apacfty at lleit t iiiie. 


At ]>Tesenl, Iheje are i iuee units r)f produtdioii namely, I) ddi(‘ Tabi Iron 
and Ste(d (ti). at .JtrnislHHl])ur, with a ea[)ivcity of 8,50,000 tons, U)TJre St(‘el 
C V)rporatiori o(‘ lienjal. A\ith a eapaeity of 2,50,000 tons at Huraipur, Asansol, 
and 5) ddn‘ Mysorr' Iron and Ste(d Works with a ea])ara'tv of 25,000 Ions, at 
Hliudr’ahai; iji Mxsise. ()t thes(' The Sti^el (Jor[>oration of Bengal started 
produelioii oi\Iy in BMO. and the Mysore iron aiifl S(c*el Work-:, althoin^h 
<\s(,al>Jished CMrlifse has a liinitoil ea])acity.*** 


l)iH* to tile (‘\istonee 4>f tin*. Irtm & Steel Jiidiisli-y, the pio hi*r(io?i of 
li’on in»a*f*iised from oo.OOO loivs in the he^jjinniii^ of (he etml tirv t o I 175202 
tons in 1050 a»td |5tM)0<> tons in 1055-51). prodnelirm of in* 

from l:rM55 Ions m I0J(>-17 to 527055 tons in 1050 and SSOOOO t >ns in l!)55- 
5(). Tho T»» ion of liiiislu'fl iiUTnjiHCMl I'rntu DSTl^J* toil'-, lo 12(K);’>t 

ton* iui l 077<)i'>O toii.s (liuin*; tho s-’iiue pci’iod.*** 

^’lio i'.tr coal l>v' fh<* Sled WorkH dui’in^ the ])crioii t't 1 

iiicrcasi'd bv' n'<»iv tliau hiilf a million tons. We liavc now roat lie<l a stai.’^o 
uhenil lias lx coiiu- ii!i|)ccativt? for ii.s fi.s a nation to incfc:i/-'e onramniil 
procluclioii «»i’ Iron & Sled enormou.dy .so as to reach a fiirnre of .s(',\ in-.i 1 
(iiiiliou tons wilhin as slmrl a period as practicable, di'hi.s will mean an onor- 
nnacs increase in the cousumpiion of eoal for mdallm’jjiieal ]iurpos« s ov'cr 
the currcnl fi<j-'ne oi about three and half million loo.s. 


I '. 01 \N' (loM, (fsiADIMti 

Ijeavin,::^ the Iron cV C^ial fiKlnstr^’ at this stage, Ave pa.s.s on to another 
iin}>ortant event Asbicli toolc place during the life history of (he Ooal 
Industry. 

With tin* f'essation of \\'<irld War 1 and .steady increase in export of 
Indian ('ioal, a Coal G'adiiig Board Avas constituted Avitli a, view to ensm'e Ji 
minimum standard and cjuality of (toal exported. In 1020, it issued a regula¬ 
tion dassfving commereial grade.s of Indian Coals bas('d on their conte.nbs of 
ash and motstuiA* an>l calorific value as shoAvti in the teihle in the 
Apiieudices. 

Subsequently, the da.ssifieation Avas extended to cover Coals in general 
and the above .scheme was modified to make it easily applicable to Coals 
not intendctl for export. l^ater, in 1044, the prices for various grades 
were fixed, '^riiis modified scheme is known as the Endian Coal Commission- 
ner's Grading and is shown in the table in the apj>endices, as they stand at 

(**‘*‘) Ki-cal C<'irunti.*<'-.ifii 1940-50, Pago 58—59. 

(***) babour ia tho Indian Coal Imhistry by Dr. B. R. Beth, (Page 7-8 Introduction). 
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]»reseiii. Those iiii|A)j'lant measures taken, nllhougli not qiiile scientific 
aiul rational in i asis. proved quite beneficial to a tlegree and even helpful 
to the ijulustrv and eoiisuniors within th <5 limits of the- seo|)e. 

Coal for dometilir l onsniiription: 

Koforc leavim; this sf'ction of m3’' talk, the picture will not be complete 
unlcftS a ])rief lef’eienee is made to the position in this countty, re!jrar<iiii«< our 
eonsumptioji of coal for domestic purposes. CYnnjiarcd to the size of the 
country, the eonsujnption is surprisingly very low. The ‘'World Coal Mining 
industiy' li) 3 S. gives the folhving comparative figures; 

Ali/lionTon-'t 


rr.s.A. 

... 

103 

(fermany 


42 

Groat Britain 

• • ■ 

30 

South Africa 

« • • 

l.OI 

ifaly 

• • • 

O.AS 

Sj)ain 

• • • 

O.JS 


Although Fiidian eonsumptioii is tlesei ihcd as negligible, wo know that 
it is (onsidcua 1)1 V moie than one millioji tons per annum. Ac-eorrliug to 
Indian ('oalfields (-oinniittce the total (iuantit3’ of (,‘o.il u.sed for 

flomeslic- purpo.se.s is about 2.3 million tons j)er annum, 3310 bulk of tills 
eonsmn|)tion is toulined to Bengal and Bihar, and includes about S,00,000 
tons ol'coal used bv the colliery labour. 

Tuksent Trend and Future Oi tuook 

Wb'tli this hi.storieal background before us. we nuty now jnoceed to 
examine the subsetpient devtdopments, our 7)testuit difficulties and the 
future outlook. The World War IT and its after effects, iiitiaiion within 
the count r3’^, labour unrest, rapid developments arising out of sueee.ssive legis¬ 
lative measures and enactments, etc., have all eomhined to .slioot up the 
7)riee of coal enormouslv. Although the prices arc fixed, they an* not quite 
properly oi' seientitically related to the (pialif v, w'hieh is more often indifferent 
than imiforni. There is no incentive or initiative left to the industry to make 
foTwvard jn'ogress. Confu.sion anrl uncertaint3’ prevails everywhei'e. There 
is an acute scarcity of wagon supply audit has become almost ebronie. One 
class of ^iroduoers find themselves placed al a, disadv'aiitage with r<*,speet to 
others. A large number of mines working what i.s < 011111101113' known as loiv 
grade coal, which could come into existence only due to mgi-nt demands, 
and in many cases managed by ‘Gold Diggers’ who w'crc aftracted to this 
field more by the prospect of making quick millions and jio.^.sibly never 
thought of sticking to this profession, find theniseh es more or less trapped. 
It is natural that they should clamour for right to exist and insist on the use 
of such coal and even have it thrust on consumers, tliough in fact, it is no 
better than drug in the market. Indeed, they go so far a» to suggest that 
ov’crseas countries should be made to accept it against their import and their 
claim regarding the advantages and efficiency in the use of this class of coal 
makes one wonder whether it will not be better still to use muck instead of 
’ any coal at all. This movement, helped by the hue anrl cr3’' raised mainly 
by the Iron & Steel interests, and the submission of reports by the Enquiry 
Committees officially appointed from time to time led the Central 
Government to the conclusion that something decisive had got to be done 
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and the resources of coal suitable for metallurgical purposes should be con¬ 
served without any further delay. Their hands were ultimately forced to 
be directed towards adoption of a negative policy of very doubtlhl value by 
restricting the output of coking coal and reducing it drastically within 
the next 6 years, to the extent of 40% of normal rating. It is not for us 
^Engineers, to criticise the Government but to help them with constructive 
suggestions and sound advice, so that, any measure that may be taken by 
the national Government, is in true interest of the country ensuring utili¬ 
sation of coal to the fullest advantage by every class of consumers, since 
true economy lies in mining well and using well. 

Indian Goal Reserves and Future Demands 

We have from the report of the Working Party for the Coal Industry, 
1951, (Page 17), that the reserve of good quality metallurgical coal in virgin 
areas ami working collieries, if methods of Stowing, beneficiation and blend¬ 
ing are resorted to, may be estimated as 2000 million tons. Of this total 
quantity, about 750 million tons or a little more than one third, are in working 
collieries. On the other hand, possibilities of discovering more deposits of 
metallurgical coal in future can never be ruled out. The discovery of the 
Taleher Coalfield in this coiintry in not very distant past, and the concealed 
coal fields of Kent and Pelgium, will strongly support this view. 

From the same report we learn that our reserve of non-coking coal is 
fairly vast and about 40,000 million tons based on information available so 
far. 

A reference to Appendix ‘C’ will give an idea of demand, allocation 
and^ despatches of coal for the year 1950, with respect to some of the more 
important consumers. Appendix ‘D* gives an idea of industrial demand, 
Provincewiso for the same year. 

According to the estimates of the Indian Coalfields’ Comiiiittee, 1946 
India’s future requirements in 1956, will be 39 million tons and a progressive 
increase in supply of Coal at the rate of 1J million tons a year is recommended. 

It is notewortliy that the Railways are the most important consumer 
of coal and their demand is nearly l/3rd (nearly 11 and a half million tons) 
of our total annual production of coal. 

The next important consumer is the Iron & Steel Industry, the consump¬ 
tion being little more than 1 /3rd of the Railways’ requirement or somewhere 
about three and a half million tons. The next two important consumers worth 
mentioning are the Cotton Mills Avith an annual demand of nearly 2 million 
tons and the Cement Factories with an annual dmand of little over 1 million 
tons. The demand due to other important industries such as Jute, Engineer¬ 
ing Paper, and Coke Ovens, is near about half a million tons per annum. 
The demand due to the Brick manufacturing industry, however, is nearly 
as much as that of the Iron & Steel Industry, being over 3 million tons. 

Considering province wise, the most important consumers are West 
Bengal and Bihar, the demands being respectively nearly six and a half 
million tons and four and a half million tons per annum. The next two im¬ 
portant coal consuming Provinces are Bombay and the Punjab with a demand 
of slightly over 2 million tons. The demands due to Delhi and Madhya 
Pradesh is in each case slightly over 3/4th of a million tons. The re¬ 
maining provinces require far less quantity of coal annually. 

By far the major portion of our production is confined to the Jharia 
and Raniganj Coalfields which together produce more than 78% of our coal« 
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Most of the good quality "coking coal is'obtained from the Jharia field and its 
production constitutes nearly 75'’',, of the total for this field. The present 
figures is near about 8 million tons per annum. 

The Pegging Measure: 

The Central Government has been made to accept the view that since 
the current deniainl for good quality coal for metallurgical purposes does 
not exceed 4 million tons })er annum an<l its output is nearly double of this 
figures, so much of this coal is being allowed for other purposes, and since the 
total reserve of sucli coal is only 2 *oo million tons, such indulgence in if» 
use is mej’o fritt ering away of the resources of the country. It has, therefore, 
been proi^osefi in all seriousness to drastically reduce this figure till the 5.6. 
million tons per annum level is I'eached within the next 6 years or so. This 
virtually means a reduction of nearly in output. The fallacy of such 

an unwise policy, whi h is considered a negative policy by many, will be 
apperent if the position is considered with vision and independent outlook. 

At the present rate of consumption of say 4 million tons per annum for 
Iron & *Steel manufacture, the coal reserve should last for another 600 
years. Snppossing the consumption goes upto 10 million tons per annum 
by tlie end of the Jicxt few years due to setting up of additional Iron & Steel 
Plant, the coal reserv<!s oven then should last for another 200 years. No 
Jingineer or Metallurgist will ^^g^ee that the methods of manufacturing Iron 
«& Steel will not change tluring the next two centuries, and it will all along be 
dependent upon the use of Coke from coking coal. It is true that the Iron 
& Steel Industrj'^ has been very backward in the matter of evolving new 
proc.css for smelting Iron without depending upon adequate supplies of coking 
coal. It is also true that in this respect it is not in the same happy position 
as the I'otrolcum, Rubber, or Clicmicals & Fertilizers Industry, although 
they started mueli latter. 1u this modern age any of these industries seems 
to be able to produce things fi’Oin raw materials which one could never think 
of using in the past. There is no reason why the Iron industry should not 
be able to take an exanix)le from leaders in industry and overcome its diffi - 
culty with a little more foi'esight, effort, and perseverance. Already there 
are indications that the Iron industry is going to be independent of coking 
coal as one of the raw materials. Considerable advances have boon made in 
this direction in Germany, iSweden, and other leading coimtries. It is time 
that this iiulustry in our country woke up and tried to help itself ins¬ 
tead of clamouring for Jielp at the cost of others. There are only 2 or 3 Iron 
& Steel pro<lucing concerns in the country enjoying monopoly so to say and 
it is surj)rising that they are incapable of looking ahead and working for the 
day when there will be no more coking coal available to meet their demand. 

We may now try to consider what the Pegging policy will mean if en¬ 
forced and what will be its ultimate effect on the Coal Mining Industry. 
For benefit of those not conversant with coal mining operation, I may 
mention that the method of underground mining generaUy pursued in this 
country, is the so-called ‘Board & Pillar’ method which moans that after 
reaching the coal scam below surface through a shaft, the ground is 
opened up by driving tunnels or galleries in two directions at right angles 
so as to block out the seam into hollow spaces with pillars supporting the 
roof and the over burden. This is really the first stage in winning coal and 
the percentage of coal removed in course of driving the gallery is really small 
compared to what will be obtained latter. As the workings advance fairly from 
the shaft bottom, it becomes necessary to remove these pillars and extract 
the coai so that an increaaing output may be obtained ad^d the costs may be 

B2 
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kept down within reasonable limits. The extraction of the pillars is ha- 
zardt)us and dangerous and the loss of coal during such operation is variable; 
I need not go into the reasons and causes in this connection. As ^Engineers, 
you will readily realise that tiio si/.e of the pillars has to be adequate enough 
to bo able to cany the weight of the overburden as the pillar of coal is not 
the same and as stable as a pillar of masonry or concrete, it deteriorates dife 
to continuous atmospheric action and the action of the forces affecting under¬ 
ground stability. Its size thus gets gradually diminished due to spalling, 
splitting, etc., and the dangers due to the size reduction increase with age. 
That is why, it is considered very unwise to leave the pillars unextracted for 
long. 

The class of coal whose output is proposed to be drastically reduced, is 
to be found in mines which are in an advanced stage of development and 
mostly standing on pillars waiting to be extracted. These mines produce 
near about 8 million tons of coal annually or about 26'^'o t^f annual 

production and these also happen to produce the best quality of coal avail¬ 
able within the country. Restriction in output in the interest of the Iron 
& Steel Industry means discrimination in its favour and all other industries 
are going to be dei)rived of this source of supply. The Railways are depen¬ 
dent lai’gely on this class of coal because of its high calorific value and fairly 
low ash content. Very strong attempts have been made by interested people 
to make out a case in favour of using poor grade coal by the Railways, but 
no Fuel Engineer or Technician can ever endorse this ill-advised suggestion. 
Apart from all other considerations, it will be astounding to find what an 
enormous amount of inert matter will have to bo hauled by the Railways 
it low grade fuel is used. This will virtually mean so much useful work wasted. 
Can it be allowed to be done unless suitable fuel for the Railways is found 1 

Earlier, we propounded the thesis that true coservation lies in efficient 
extraction and utilisation and not in restricted mining and use. Such a 
propositon connotes elimination of all sorts of wastages. If the principle is 
accepted it has got to bo ensured that there is no avoidable wastage at any 
stage, either in (!Ourse of nuning or during utilisation Since the pegging is 
conducive to increased loss during mining and is very harmful in effect, 
it is of no use and cannot be supported;—it will defeat the very object in 
view. Even if enforced due to wTong advice and misguidance, it will have 
to be called back sooner or later when reality asserts itself to drive out ig¬ 
norance and dream. On the other hand, the wisdom of adoption of neces¬ 
sary measures to ensure extraction and use to the maximum possible extent 
is unquestionable and can never be challenged. Today, we are faced with 
an awkward situation with respect to future supplies of only one class of 
coal, sooner or later wo may have to face a similar problem with respect to 
the supply of every class of coal. The steps we may decide to take at the 
moment, in order that they may be lasting in effect and enduring, should be 
applicable equally well at all times, to eirery class of coal. The most rational 
methods of proved value and efficiently practicable in application, available 
to us, are stowing and beneficiation. 

Sand Stowing 

An Engineer need not be told that if a roof support carrying the weight 
of the roof has to be removed, the latter must be otherwise supported propu'ly 
before any such attempt can be made. Failing that, the roof itself will come 
dowm. This is generally what happens in a coal mine when the supporting 
pillars are removed. Under the circumstances, much of the coal in the pillar 
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so extracted have to be left behind for fear of loss of human lives and be¬ 
cause of various other practical difficulties. However, much of this coal 
lost in course of such operation can be avoided if the roof is properly supported 
by packing before starting the extraction. Indeed, the extraction can be 
one hundred per cent under favourable conditions. Such a method, in which 
packs of sand are used, is available to Mining Engineers;—it is commonly 
known as Sand Stowing. Although it originated in Western Countries, it has 
been in use in this country for a good many years and is being used in mines 
whose management has vision and resources to afford it, with considerable 
success. Wherever adopted, it has proved to be efficient, beneficial and helpful 
—^its adoption has resulted in the saving of a considerable amount of coal 
which would have been lost otherwise. There is no two opinions regarding 
advisability of universal application of this method, for underground mining 
in this country if necessary funds and materials are available. The national 
Giovernpient is well advised to concentrate their energy and resources in 
this direction. Measures taken in this connection will be definitely positive 
measures and the results are sure to be handsome and surprising. 

The method is essentially one of carrying a mixture of sand and water 
from surface to the site, underground to be packed, through pipe lines and 
ultimately filling up the vacant space. The water drained out of the sand 
pack so deposited is ultimately removed by pumping. Thus the arrangement 
for tlie purpose requires surface installations for receiving sand from outside, 
its storage and handling, suitable device for mixing with water and necessary 
pipe lines for carrying the mixture from the surface, down the saft and ulti¬ 
mately to the site. Besides, an installation for underground pumping and 
pipe lines for returning the water to the surface are essential. Although 
this method has been in use for some time, it is essentially empirical in its 
application and much still remain to be known about its fundamental aspect. 
The cost is very high because of the size of the installation required; abnor¬ 
mally thick cast Iron Pipes are generally used as transimission lines and the 
wear and tear is very heavy. Installation of such pipe lines in deep shafts 
and their replacement as and when necessary are extremely difficult. The 
working is subject to involuntary interruptions due to blockages in the pipe 
lines. In order to save the cost of pumping water, the water/sand ratio 
is kept down to the minimum. Prom the information available, it seams, 
the tendency to restrict the use of water is based on wrongly conceived idea-s. 
This results in an inefficient use of the transport system which is made to 
do far less work than it can actually do, and false economy in the end. 
It may be, most of the troubles encountered in this connection, are attributa- 
able to this cause. 

As the method in its fundamental aspect, is essentially one of handling 
and transport of matrials, it provides excellent scope for Engineers who may 
feel so inclined, to carry out researches of both fundamental and applied 
nature, to collect useful information so that it can be vastly improved 
upon, and the working expenses reduced considerably. When this is done, 
its scope of application may be expected to be wide and within the reach of 
many more coUieries. 

Regarding the transport of sand/water mixture through pipe lines, 

> much remain to be known about the nature of the flow itself under the condi¬ 
tion available. Is it a case of mmple transport of sand by water; if so, is the 
flow viscous or turbulmit or both, depending upon the section of the pipe 
line considered. What is l&e-oriMcal velocity and corresponding Reynold’s 
noxaber flor vaoiotis mixtaxes of aadad and water and what are absolute 
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viscosities and densities of such mixt^l^cs Is there any reason to believe 
that it is a case of transport of solids in a fluidised state, if not, will it be for 
the better to create conditions favouring this kind of flow. From evidences 
available, it appears that (piite a large portion of the upper section of the 
pipe line in the shaft is not doing its full share of work and running partially 
empty all the time. In other word.s, the surface portion of the pipe line is 
unable to keep pace w^ith the supply as soon as the materials commence 
their freefall through vertical section. Is this condition conducive to eco¬ 
nomy; does it encourage faster wear and t(-ar. Can this deficiency be over 
come by varying the section of tiio pipe line, scientifically according to re¬ 
quirement, instead of using uniform section througli out. I am sure, there 
is an excellent scope for rescarcli ami the field is vast. It should 
be part of our Central Government’s policy tow'ards coal conservation to 
encourage very active research in this direction and provide adequate funds 
for the purpose. Such researches cannot be undertaken by individuals 
or individual concerns. 

Introduction of sand stowing on an extensive sealetogether with systema¬ 
tic working of mines and elimination of small prop(*rtie,s are the surest means 
of increasing tho quantity of coal recoverable. It is surprising what an 
enormous quantity of coal can be lost during mining due to irregular work¬ 
ing of a colliery and small size of tho property. It may be as much as 50% 
of the deposit itself. Tho pegging measure proposetl w'ill only encourage 
irregular working. Regarding xineconomy and disadvantiigjis of working 
small properties, I may only point out that since for obvious reasons every 
mine is required to leave an adequate thickness of coal as untouched barriers, 
at its boundar^q for its own safety as well as for safety of the adjoining mines, 
all this will be lost by the time tho mine is exhausted and if tho property 
is small, its proportion to the whole can be considerable. 

Benijication of Goal. 

Having indicated how the recoverable quantity of coal can bo increased 
by adopting suitable positive measures to prevent loss and wastage in mining, 
we may now proceed to examine how increased .supplies of good quality coal 
can be ensured;—by good quality coal, I moan, coal with low ash content, 
high calorific value and for metallurgical purposes, wdth good coking property. 
Excellent methods of benefication of proved efficiency are avilable for the 
purpose. As the name itself suggests, by this method the coal sul>stance 
can be made available in a more concentrated form out of an indifferet supply 
It is expensive, but nevertheless, since tho value is increased, there is a 
reasonable possibility of fair return. 

Coal as mined is not pure coal substance. It has finely dissiminated mi¬ 
neral matters mixed up with it, constituting w'bat is known as ash or intri¬ 
nsic ash. Besides, the deposit may have intercalated bands of stone and shale 
which have to be mined along with tho coal and cannot be removed readily 
after mining, except by special methods,—tho so-called methods of clean¬ 
ing and washing. Lastly, a certain amount of stone and dirt from extraneous 
sources gets mixed up with the coal during mining, and they can be removetl 
only up to a degree. All these combine together to increase tho inert mineral 
matter in coal os mined. Under tho eircumstanees, the quality of coal reach 
ing the consumers is in many cases poor and indifferent, although, they hav< 
to pay just the same freight and handling charges, etc., on this unManteCi 

E ortion of coal. We have large deposits of coal with good coking property, 
ut they are considered unsuitable for metallurgical and other purposes such 
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as gassification, because of their comparatively high ash contant. Adequate 
supply of good quality coal to the Railways is threatened to be cut off be¬ 
cause a large portion of the present supply happens to be coking coal. Con¬ 
sumers at a considerable distance from the source of supply are at great 
disadvantage if required to use inferior quality coal with high ash content. 
On the other hand, our reserve of good quality coal is already depleted and 
will continue to do so in future. Under the circumstances, it is imperative 
that some thing has got to be done to keep up the quality. Our export trade 
in coal is doomed if we fail to ensure it. 

The methods of beneficiation are as a rule based on the difference in 
specific gravity between the pure or comparatively pure coal substance 
and the dirt which may be purely stone, shale or shaly coal. The higher 
the difference and the more readily the two detach from each other due to 
breakage during mining and subsequent handling, the easier and more effi¬ 
cient is their separation and the operation of cleaning coal. Due to 
the inherent difference in resistance to breakage between the two, size reduc¬ 
tion is conducive to liberation of dirt held in the coal substance and the degree 
of size reduction required, depends upon the character of the coal itself and 
the extent of benefication aimed at. In any case it has to be progressive and 
must bear a close relation to the ultimate net gain. Theoretically, it is 
possible to get ahuost pure coal substance by fine grinding and subsequent 
c'eaning. There are many types of Indian Coals which cannot be cleaned 
properly without resorting to extreme size reduction. It is considered un- 
e<‘onomic to clean su<‘h coal. It is also often said that most of our coals 
cannot be cle ned to the desired extent without much loss of (!oa I in form 
of ndddlings (mixture of coal and dirt) and discards. While such views 
represent mere ways of looking at things and may hold the field so long as 
there is no avoII thmight out rational policy regarding use of coal from funda¬ 
mental point of view they are totally wrong. If coal has to be used well, 
if it has to be utilised to the fullest extent with reasonable efficiency, there 
should be well defined policy for the purpose, so that nothing is wasted,— 
at least to the avoidable extent. Under such condition the problem of 
utilisation of middlings and discards will not arise, and the methods of 
benefitjiation can be harnessed to the fullest possible extent. 

The wet methods of cleaning are more extensively used and they have 
proved their worth beyond doubt. They may be based on the principle of 
hindred settling as in the case of Jigs and Trough washers or on the use of 
heavy medium in which comparatively pure coal which is lighter in specific 
gravity is made to float. Lately, at least two cleaning plants working on 
the principle of heavy medium separation have been set up in this country 
and the idea seems to bo gaining that this is the only suitable method avail¬ 
able. It may be pointed out, this method may prove to be too expensive 
unless a very high throughput is aimed at and maintained. Otherwise, the 
older methods of jigging or trough washing are likely to prove more economic 
for smaller concerns. Generally speaking, each case requires individual exa¬ 
mination before deciding upon the method and type of plant to be used. 
In many cases it may be found advisable to use a combintion of methods and 
plants. In any case the plant installation required is quite expensive and 
the working cost high,— more so because a very large part of it has to be 
imported. In fact, we are at a disadvantage in this respect, and our 
engineers can step in to remove it by undertaking to design and construct 
these items in this country. There is no reason why this cannot be 
done. 
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The main difficulty preventing introduction of methods of beneiiciation 
on a wide scale is very grave doubt regarding recovery of the cost of prepara¬ 
tion and cleaning and a reasonable return on the capital to be invested— 
if it is at all available. It seems there are few mines that can afford to lay 
out the amount required. Besides, the question of economic disposal of the^ 
middlings is there; however, for reasons already explained such an outlook 
cannot be encouraged. Further, the existing price structure fails to en¬ 
courage the producer to produce and the consumer to use cleaner coal. 
Such incentive can only be created if the price is related to the utilisable value 
contained in coal, on proper basis. This requirement is very important not 
only for internal consumption of coal but also for export purposes. 

Cleaning Plants are highly mechanised and expensive. They cannot 
be worked economically below the minimum rated throughput which is 
generally high. Tt is essential that they should be worked regularly with¬ 
out prolonged interruptions. To ensure this it is imperative that the finished 
products should be simultaneously removed and sent away so that there may 
be no involuntary stoppage due to congestion in the plant. Considering 
the acute position regarding wagon supplies and Railway movement in the 
country, it seems, little headway can be made regarding installation of clean¬ 
ing plants on an extensive scale till the distribution and transport system is 
re-organised and brought up to present and future requirements. 

The pegging policy as proposed, is sure to have an a,dverse effect on 
installation of such plants in future. In its present form it restricts the pro¬ 
duction of what is called good quality coking coal with an ash content up 
to 17%. There are extensive deposits of good coking coal which is considered 
unsuitable for metallurgical purposes because of its high ash content. 
Nevertheless, this class of coal with an ash content above 17%, if properly 
beneficiated, can be used, as good quality coking coal for metallurgical pur¬ 
poses. If there is danger of coming within the mischief of the pegg¬ 
ing policy as the result of bringing down its ash content by cleaning, 
there will be little inclination to try to beneficate such coal; such 
efforts may even prove suicidal for a mine bold enough to venture. 
It seems, the pegging policy will virtually mean a primium for high ash 
content of this class of coal. In our own interest, it is very desirable that 
preparation and cleaning of Coal before marketing should be undertken at a 
very early date by as many collieries as practicable at this stage; although, the 
aim should be for all collieries to fall in line as soon as conditions permit. The 
impediments in the way have got to be removed by the Central Government 
and the Railways before tangible efforts on a scale conceived herein, can be 
made. Our Engineers and Technicians have got to play no small part in 
this connection. All their technical ability, ingenuity and flare for invention 
are called for. 

Future ovMook and Policy. 

We have seen earlier that although coal mining actually started in this 
country as early as 1872, the progress has been very slow. From an average 
annual output of about one million tons in 1880, it has taken more than 70 
years to reach the present anual total of more than 34 million tons; even 
then, our position as a coal producing nation is very low down the list. This 
is also a criterion to our industrial status in the international sphere. Our 
industrial development has been indeed very slow and every notioeabto 
increase in the annual output and consumption of coal can be more or leas 
correlated with increased industrial activity and ei^ansion by the Railways. 
The two World Wars, though otherwise unfcMrtunate, gave tremendous mt 
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spasmodic impetus to industrial development and productions shot up 
abnormally in consequence. 

The price structme of coal has always been closely associated with 
the foot falls of the coal industry and it has yet to play a far more import¬ 
ant part if this industry is to develop on sound lines and attain the full stature 
it is capable of, within the minimum period in future. Since the known re¬ 
serves of our best quality coal are much depleted and we must of necessity 
mine and use increasing quantities of poorer grade coal, preparation before 
marketing is imparative. Past misconceived idea of our advantageous posi¬ 
tion because of our abundance of cheap raw materials and labour is exploded 
and the mischief it has done to our industrial progress should be aparent. 
No nation can be tempted to exert much towards their proper, scientific uti¬ 
lisation if tv'^o of the most important factors attecting industrial development, 
such as labour and fuel—the universal means of getting energy are cheap 
and plenty. Such a position can never create any incentive to do things to in¬ 
crease efficiency and production, quality control and invention. If the extra 
gain is not commensurate with the result aimed at, it is but human and na¬ 
tural to lean towards the status quo. It seems, the inflationary period we are 
passing through is a boon in disguise and if the coal prices are not allowed to 
fall below a predetermined limit, not only the coal industry but also all 
those depending upon coal as one of the main raw materials, can look 
forward to sustained forward march and take necessary steps with full 
confidence. 

In the opening remarks it was pointed out that Coal is the material 
source of the energy of a country—the universal aid the factor in everything 
we do. Engineers require coal to liberate energy in form of heat and once 
it is available, it can bo directed to material use ad infinitum, since energy 
is indestructible, but can be readily transformed from one form to aother. 
Today, the question is not how and how much of coal can be changed to heat 
energy but, bow to hold and utilise it properly. To a properly tj'ained Fuel 
Engineer and Technician no quality of coal is worthless or unutilisable. so 
long as be can apply proper methods and the economic considerstios are not 
beyond his control. As early as the year 1924 or thereabout, some Belgian 
Coal Mines found it possible to utilise Washery sludge containing about 60% 
ash for steam raising and power generation. The apprehensions regarding 
disposal of high ash middling from cleaning plants do not really exist if they 
are put to proper use. They may not suit locomotive or marine or certain 
stationary land boiler conditions because, in such cases, a much increased 
rates of firing called for, to keep up generation of tlse required amount of 
heat is not possible. But with a stationary land boiler specially designed for 
the purpose, no such difficulty will be encountered. Again, economic consi¬ 
derations, favour location of such boilers for steam generation more near the 
source of supply of the fuel than away from it. In fact it is economically 
impossible to utilise such a fuel beyond a certain distance from'the source.and 
it will be foolish to attempt it unless there are special considerations. 

By far the largest quantity of coal is used for steam raising and it will 
continue to be so for a long time ahead till enough energy from other sources 
can be brought under the control of man to meet all his requirements. Hydro- 
electricity is still a doubtful proposition in the country. Our dependence on 
external sources for necessary plant, materials and know hows makes it too 
expensive for us. Recent failures in Bombay and Afodras have shaken our 
faith regarding the continuity of supply- No doubt, it was found wise by the 
D.V.C. to set up a ‘Thermal Power Station at Bokoro, to ensure continuity of 
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supply in case its hydroelectric power stations fail partially or even completely 
due to deficiency in the supply of water. So far as the use of wind power or 
solar energy is concerned, the position in the countiy is not worth mention¬ 
ing. Lately, a tall claim has been made regarding the use of solar energy, 
in replacement of domestic fuel, but it is to bo feared, at this stage it isjao 
more than mere paper propaganda. 

Thus whether for steam raising and power generation or for mere fur¬ 
nace heating and other purposes, coal is the principal source of beat energy. 
The subject of power production from coal is so vast that it will bo futile to 
try to dilate oji it within the short compass of this paper. We are painfully 
aware that even under the best conditions, we are unable to utilise more 
than 30‘*4 of the heat energy put in, inform of coal, to do useful mechanical 
work. In the case of steam locomotives, no more than 6-7% of the energy 
is available at the draw bar to do useful w'ork -a very low figure indeed. 
On the other hand, much of the energy wasted, can be utiiise<l for other 
purposes, such as space heating and processing. Such an arrangement, of 
course, will not help us to get more mechanical work done, but it will have 
distinctly favourable economic effect on the cost of power generation and 
consequently its use on a much wider scale. It is common practice with 
modern factories whore the conditions exist, to integrate the use of heat 
energy in coal to this effect. 

Our Railways consume about one third of our annual production of coal 
and it is estimated, more than 25% of the wagons available has to be used 
for its transport. In number, it is possibly about one third the total allotted 
annually, for transport of coal. The wagon position, whether it is for transport 
of coal or for other goods, is already very acute. As the result of the I'*egging 
policy, if the Railways are compelled to use increasing quantities of inferior 
quality of coal with high ash content and low calorific value, it will virtually 
mean withdrawl of more wagons for their own use. In the same way wagon 
requirement of public consumers are sure to increase, and the longer the haul 
the more the wagon requirement. Besides, transporting incieased quantity of 
inferior coal amounts to hauling more and more unwanted inert mineral 
matter on which freight has to be paid. This is sheer waste in every respect. 
Our rational policy regarding utilisation our coal resources should, therefore, 
aim at: 

1) Use of only low ash coal with high calorific value (concentrated 
calories so to say), w'henever it has to be consumed beyond a certain 
distance frppi the source and for export purpose. 

2) Beneficiation of coal to the maximum possible extent to meet the 
first requirement. Even coal hitherto considered good quality 
may not be left out of the scope. 

3) Setting up of Super Power Stations throughout the Coalfields 
wherever conditions permit and preferably not far from the Rail¬ 
ways to utilise washery sludge and part of the middlings from 
Coal Cleaning Plant most conveniently placed. 

4) Connecting up such power stations in form of a grid S 3 rstem to 
supply power for traction to the Railways and also make power 
available over wide areas in replacement of Coal to the maximum 
possible extent. 

5) Integrating such power stations with processing and other industries 
requring heat energy, so that the amount of heat'wasted in pow'or 
generation and not utilised, can be made use of, at least partly. 
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Such industries will have to be encouraged and set up if they do not 
exist. 

6) Setting *up low temperature carbonisation plants to "carbonise all 
the middlings available after meeting the requirements of the 
power stations with the waste heat and steam available, and the 
heat in the gas produced for ultimate distribution as domestic fuel, 
for use in the power station itself or even for gas manufacture and 
synthesis, at site. Manufacture of coal chemicals will naturally be 
integrated with the scheme and the low temperature tar produced 
(the quantity will be considerable), can be made into excellent 
oil fuel after processing or utilised for manufacture of synthetic 
motor spirit. 

7) ^Elimination of steam locomotives for traction as far as possible 
and concentration on electric traction using thermal or hydro¬ 
electric power, according to the area and location, and also on, 
Diesel, Diesel/Blectric traction where electric power may not be 
available; oil fuel obtained Irom low temperature carbonisation of 
the middlings will meet a large pare of this demand. 

8) Utilisation of all surplus gas available for Coke Ovens and coal 
tar and tar oils, for fuel purposes. It is astonishing that in spite 
of acute shortage of impoi-ted fuel oil. Coal tar distilleries are com¬ 
pelled to reduce output because of congestion in the plants due to 
accumulation of undisposed tar oils. 

9) Utilisation of Coke\Breeze for gasification and steam raising on a 
much wider scale. Huge Coke Breeze dumps are to be found 
near about each Coke Plant, Production of a certain percentage 
of coke breeze in manufacturing Hard Coke is unavoidable. In 
Western Countries, it is not allowed to accumulate and used up as 
it is not an inferior fuel. An enormous inrease in the price of coal 
during the past years, and very low price of coke breeze fixed by 
the Coal Commissioner, gave incentive to its use and at least one 
firm in Calcutta was progressive and bold enough to make use of 
it for gasification and furnace heating, in complete replacement o 
raw coal. Since then its use has been increasing steadily, but there 
is scope for further increase. 

I have tried to present a picture of the vision as it appears before my 
eyes, in bare outline. If I have failed in any respect, if ? appear to have 
overstated things, I hope to be excused. It is possible, I may have allowed 
myself to be carried away by the vision. Nevertheless, I live for the day 
to see coal utilised as completely as the ingenuity, vision and technique of 
man will permit. If T have been able to impress upon you that it is the 
energy contained in Coal in form of heat units, w'e are primarily interested 
in and not the coal itself, irrespective of whether it is Jf, Y, or Z class, 
T should consider myself amply rewarded. It will be wrong to imagine that 
ail this will mean decreased consumption of coal. Actually, it will lead to 
a considerably increased consumption with an all-round benefit. 

I thank you again for your extreme patience. 


B3 


*‘Vande Mataram’* 
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APPE^'I>IX 

A 

Statement showiiiK output of Coal in 

Indian 

ProvincoB and States—1920-1948 

Output anu Avkraoj^ Pricks ok Coau 

IN llHiTiSK Indian Provinces 


A .^ l > 

States. 

Year. 

'I'otnl Annual 

Average 


Output. 


Prices. 


Tons. 



1920 

17,9ti2,214 


Rs. 5/3/ - 

1921 

19,302,047 


6/12/- 

1922 

19,110,814 


7/11/- 

1923 

19,655,012 


7/7/- 

1924 

21,174,129 


7/1/- 

1925 

20,904,352 


6/1/- 

1920 

20,099,167 


4/13/- 

1027 

22,082,330 


4/5/- 

1928 

22,542,872 


3/15/- 

1929 

23,418,734 


3/13/- 

1030 

23,803,148 


3/14/- 

1931 

21,716,435 


3/13/- 

1932 

20,153,387 


3/6/- 

1933 

19,780,163 


3/2/- 

1934 

22,157,447 


2/14/- 

1935 

23,016,695 


2/13/- 

1930 

22,610,821 


2/12/- 

1937 

25,136,386 


3/2/- 

1938 

28,342,906 


3/12/- 

1939 

27,769.112 


3/9/- 

1940 

29,388,404 


3/9/- 

1941 

29,463,742 


3/11/- 

1942 

20,433,253 


4/7/- 

1943 

25,368,879 


6/10/- 

1944 

26,965,556 


Prices as fixed by the 

1945 

28,972,548 


Coal Commissioner. 


Appendix 

B. 


Would Coal Production in 1961 

IN SOME 

OF TSE 

LEIADINO COAL FJSODOOINO 

COUNTRIES AND 

INDIA 


(In 000 

Metric 

Tons.). 


America 



6,18,819 

China 



41,000 

India 



34,307 

Great Sritain 



2,11,900 

Germany 



1,18,925 

Poland . . 



81,700 

France . . 



62,967 

Russia 



2,86.000 
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statement showing Demetnd, Allocation and Despatcli for the year—^1050 


OUTPXTT FOR THK 

YEAR 1950—32,260,743 tons. 


(Only the more important figures 

are given.) 



Demand. 

Allocation. 

Despatch. 

XX/BNK (Bunker) 

680,396 

680,096 

429,937 

XX/EXP (Export) 

1,342,618 

1,439,686 

1,251,111 

LOCO 

11,338,164 

11,218,746 

10,030,438 

ELC (Electricity) 

2,336,800 

2,321,762 

2,249.088 

STL (Steel Cos.) 

4,028,000 

4,000,800 

3,623,427 

CMT (Cement) 

1,051,600 

1,047,064 

’923,817 

COT (Cotton) 

1,919,200 

1,862,900 

1,666,008 

JUT (Jute) 

728,880 

724,021 

677,412 

ENG (Engineering) 

460,617 

468,093 

364,483 

PPR (Paper) 

474,432 

470,642 

466,696 

COK (Coke Ovens) .. 

494,052 

490.788 

373,455 

BHK (Brick Burning) 

3,152,336 

2,996,930 

1,718,679 

The total doiuantl was 34,742,420 tons against wliic 

•h 34,369,888 tons 

were allocated 

ajMl 28,230,607 tons despateho<l. 




Appendix D. 



Statement showing average Annuo 1 Industrial Demand of States for 

Coal (1950) 

Names of States* 

Demand in tons. 


Assam 


’’161,470 


Bihar 


4,461,642 


Bombay 


2,076,083 


VVost Bengal 


6,413,748 


Madhya Pradesh 


814,916 


Madras 


1,009,102 


Orissa 


174,922 


Punjab . . 


2,188,410 


Madhya Bhaiat 


333,892 


Pepsu 


228,581 


Rajasthan 


510,656 


Saurashtra 


291,688 


Travancore & Corhiii 

26,846 


Hyderabad 

» • « • 

86,428 


Kashmir 


9,628 


Mysore . . 


122,676 


Vindhya Pradesh 


16,926 


Ajmer 


18,105 


Bhopal . . 


29,848 


Delhi 


839,«46 


Himachal Pradesh . . 

3,234 


Kutch . . 

. * • • 

1,242 


Tripura 


1,653 


Total 

20,878.482 



The total lignte given above does 
net include the following:— 


1. 

Export 

1,366,286 

2. 

Bunker 

680,096 

3. 

Railways 

11,142,000 

4. 

Ginning 

150,000 

6 . 

Defence 

67,797 


13,395^78 

Total 34,273,660 

Pakistan’s eurrent demand 1,827,000 


Grand Total 


36,100,660 
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Appendix E. 

Kxport. Indian Coal grading board classification. 

Low Volatile Coal (Mainly Seams of the Barakar Measures). 


Grade. 

Ash 

Per 

• Cent. 

Minimum Caloritic 
Value. 

B. T. U. per lb. 

Remarks. 

• 

Selected 

Up 

tf 

13 

12,600 

The moisture in all cases 

No. 1. 

13 

to 

15 

11,700 

must not exceed 2 

No. 2. 

15 

to 

18 

10,800 

per cent. 


over 

18 

under 10,800 



Grade. 


Selected 
No. 1 
No. 2 
No. 3 


High Volatile Coal (Mainly SeaiiiH of the Raniganj Measures). 


Ash per cent. Moistur<j 

per cent. 


Ur to 11 lindor G 

11 to 13 under 9 

13 to IG under 10 

inferior 
to No. 2. 


Minimum Calorific Value. 
B. T. U. per lb. 


12,240 
11,340 
10,800 
under 10,800 


Appendix F. 


Grade. 


Not Hxjport—Coal Commissionkr’s Grading. 

For Coals of the Raniganj Meiiaures. 

Ash plus Moistui-e per cent. Remark. 


Selected A 
Selected B 
No. 1 


Under 17.5 
17.5 to 10.0 
19.0 to 24.0 


Calorific values are not 
required. 


Grade. 


For Coals of other Seams 
Ash per cent. 


Remarks. 


Selected A 
Selected B 
Grade I 
Grade II 
Grade HIA 
Grade TUB 


Under 15 
15 to 17 
17 to 20 
20 to 24 
24 to 28 
28 to 35 


Tho moisture shall not 
exceed 2 i^er cent as 
delivered. Calorific 

values are not 
required. 


Appendix G. 


Price list of various Grades (Pit Head). 
Jharia and Raniganj Fields. 


Grade of 
Coal. 

Maximum 
Ash % 
(Jharia 
Coals). 

Minimum Ash 
& Moisture % 
(Raniganj 
Measures.) 

Price. 

Slack <fc Dust. Steam, Nuts 
Rs. As. P. Rs. As. 

, oto 
P. 

Sel. A. ’ 

15 

17.5 

15 3 0 

16 4 

0 

Sel. B. 

17 

19 

14 3 0 

15 4 

0 

Gd. I. 

20 

24 

13 5 0 

14 6 

0 

Gd. n. 

24 

• « 

12 15 0 

14 0 

0 

Gd. HIA. 

28 


11 12 0 

12 12 

0 

Gkl.mB. 

35 

• • 

10 0 0 

11 9 

0 












